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B-I-F Plastic Liner Simplifies Installation, Increases 

Dependability in Open Flow Metering of Wastes and Sewage! 

© Strong, lightweight . . . easy to install without special tools or 
crane equipment. Seamless . . . no special cements or sealing 
compounds required. Eliminates expensive forms. 

® Corrosion-proof . . . fiberglass reinforced polyester construction 


... high tolerance to submergence . . . handles fluids containing 
settleable solids. 


® Low head loss .. . high accuracy .. . precision molded for high 
dimensional stability. 

® Wide choice of sizes . . . discharge characteristics well established 
over range of flows from 10 gpm (3 in. size) to 210,000 gpm 
(8 ft. size). 


© Single metering responsibility . . . B-I-F manufactures flume 
liners and compatible secondary instruments. 


Industries 


BUILDERS-PROVIDENCE * PROPORTIONEERS + OMEGA 


METERS * FEEDERS * CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Request Bulletin 0141.20-1 for complete details. Write... 
B-I-F Industries, Inc., 368 Harris Avenue, Providence 1, R. I. 


JOURNAL WPCF 


0 FLUSH KLEEN’ 


CLOG-PROOF SEWAGE PUMPS 


Grond Avenve Station, Downers Grove, | 
Consoer Townsend & Associates, Engineers 


NUISANCE-FREE AND 
TROUBLE-FREE SEWAGE PUMPING 


FLUSH KLEEN Clog-Proof Sewage Pumps are trouble- 
free, nuisance-free units which meet today’s require- 
ments. They are designed to handle high solids loadings 
of wet strength paper products and ground garbage 
without clogging or interruption . . . and operate with 
smaller pumps and motors. Solids never reach the im- 
peller! 


TWO MAJOR DESIGN 
IMPROVEMENTS NOW AVAILABLE 


@ New FLO-THRU STRAINER 
OVER 13,000 FLUSH Permits greater solids loadings 
KLEEN INSTALLATIONS 
@ New BY-PASS FITTINGS 


FLUSH KLEEN OFFERS THESE ADVANTAGES Allows greater inflow capacity 


e Low Original Costs e Smaller Motors 


Permits pump selection based 
e Pumps Handle Clear Liquid Only e Smaller Pumps 


only on discharge capacity 


SOLIDS NEVER REACH THE IMPELLER! 


Putting dea 


FOOD MACHINERY AND CHEMICAL CORPORATION 
HYDRODYNAMICS DIVISION 


CHICAGO PUMP 


622 DIVERSEY PARKWAY ¢ CHICAGO 14. ILLINOIS 
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assurance of the best 


When specifications demand the best in waste treatment equipment the 


name P.F.T 


. is the name remembered. 


Equipment by P.F.T. is modern and of advanced design, a blend of rugged 


construction and precision manufacture assures the consulting engineer, as 
well as his client, satisfaction and trouble-free operation— an assurance 


of the best. 


P.F.T. is the name recognized as outstanding in process and equipment 
for over sixty years. When you specify P.F.T. you specify quality 


equipment and service. 


P.F.T. Floating Cover Digesters for the ultimate 
in flexibility and digestion process control. 
Available in all sizes. 


P.F.T. Digestion Heaters, 
available for any size 
installation using sludge gas. 
Adaptable to use any 
commercially available 
auxiliary fuel. 


- 


System. Increases rate of digestion 4 ie ¥ 


and eliminates scum accumulations. 


P.F.T. Rotary Distributors 
featuring P.F.T. Spreader 

Jets provide uniform 
distribution. 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


PORT CHESTER, N.Y. © SAN MATEO, CALIF. © CHARLOTTE, N.C. © JACKSONVILLE «© DENVER 
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This is the chlorinator you can be proud of. Its handsome modern appear- 
ance reflects the advanced technology of its working parts. It is the first 
chlorinator ever to offer a complete regulator system in a single stack. There 
is no frail piping. Not even traces of moisture can feed back from the ejector. 
Any vacuum interruption stops operation... instantly closes the chlorine 
. inlet valve. We believe it to be—inherently—the safest, most dependable, 
and most accurate chlorinator ever devised. It is also the most controllable. 
Controlomatic models accept any imaginable type of signal, use it to feed 
up to 2000 pounds per day of chlorine according to any control mode you may 
choose. Because of its advanced design, because of its corrosion-proof con- 


struction, we firmly believe that this is the chlorinator that will never— 


never—grow old. 


If vou choose to buy one of these 
chlorinators sight unseen, on our say-so, 

we can deliver immediately from warehouse 
stocks across the country. If not, your 

local F& P field office will be happy to 
demonstrate the 3400 Series at your plant, 

at your convenience. Call for an appointment, 
Or, write for complete information in 

Catalog 70C3400. Fischer & Porter Company, 
1131 Fischer Road, Warminster, Pa 


FISCHER & PORTER COMPANY 


INSTRUMENTATION AND CHLORINAT! 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth: FISCHER & PORTER CANADA) 
LTD. DOWNSVIEW ONTARIO e FISCHER & PORTER LTD. WORKINGTON, CUMBERLAND, ENGLAND e FISCHER & PORTER GmbH 
GROSSELLERSHAUSEN. BEI GOTTINGEN, GERMANY FISCHER & PORTER NV. KOMEETWEG 1], THE HAGUE, NETHERLANDS FISCHER & 
PORTER Pty. LTO, 184 HANNA ST., SOUTH MELBOURNE, VICTORIA, AUSTRALIA. 
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MEMBER ASSOCIATION MEETINGS 


Association * Date Place 


Texas Mar. 1! Texas A & M, Student Center, College Station 
New Jersey Mar. 15-17 Traymore Hotel, Atlantic City 

Louisiana Mar. Louisiana State University, Baton Rouge 
Arkansas Mar. 19-22 Marion Hotel, Little Rock 

West Virginia Apr. 6-7 West Virginian Hotel, Bluefield 

Montana Apr. 6 Placer Hotel, Helena 

Kansas Apr. Suker Hotel, Hutchinson 

Arizona Apr. San Marcus Hotel, Chandler 

California Apr. 26-29 Hotel Miramar, Santa Monica 

Virginia May Hotel Chamberlain, Old Point Comfort 
Maryland-Delaware May 22-24 Commander Hotel, Ocean City, Md. 
Michigan May 31-June 2 Michigan State University, East Lansing 
Alabama June 5-7 University of Alabama, Tuscaloosa 

New England June 7-! Snow Inn, Harwichport, Mass. 

Central States June 7 Leland Hotel, Springfield, Il. 

Iowa June 7- The New Inn, Okoboji 

Ohio June Statler Hotel, Cleveland 

ISP (Englana June 19-23 3righton, England 

Pennsylvania Aug. 9-11 Pennsylvania State University, State College 


Kentucky-Tennessee Sept. 11-13 Brown Hotel, Louisville, Ky. 


* See preceding left-hand page for full name. 


THIRTY-FOURTH ANNUAL MEETING 


Water Pollution Control Federation 


Host—Central States Sewage and Industrial Wastes Association 


Milwaukee, Wisconsin 


Technical Meetings and Exhibits—Auditorium 
Hotel Headquarters—Schroeder 
October 8-12, 1961 
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LIQUID 

CIRCULATOR GAS LINE DRAIN SUMP 
EQUALLY SPACED CORBELS (OPTIONAL) 


— CONCRETE SHELL FLEXIBLE HOSE ~ 


SECTIONAL ELEVATION 


_ ton costs may be as much as 50% 
larger covers. 

S. The elimination of trusses 

and roof removes the explosion hazard and 
-raduces the dead loed to 15 pounds por 


PROMPT DELIVERY AT LOW FREIGHT costs 
FROM SOURCES IN EASTERN, MID-WESTERN, 


214’ diameter single plate design for 
gashoider at Long Beach, California. 


* 
b 
improved structural and operating features =» «PETAL AA 
“exclusive arrangement with General 4. Up to 60 feet in diameter, the “MOM .: 
\merican 1 ransp tion C on, INFILCO —cover can be.assembled complete outside the 
és JODECK 
was C | Gerermina structure wre 
wis he weighted pont on isa structural 
sion. and SOUTHERN, MOUNTAIN AND WESTERN § 
‘into @ single deck to which a pro’ today for bulletin 672300 
| insulation is directly applied. The pon. INFILCO INC. 
side thrust o ‘the tank wall. TUCSON, ARIZONA 
: _ The “plate and pontoon” design minimizes Field offices throughout 
the United States and in 
foreign countries 
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Uninterrupted 
sewage flow 
for another century 


Modern cast iron pipe maintains high flow 
capacity — keeps sewage flowing smoothly and 
efficiently year after year for at least a century. 

This is just one of the reasons cast iron pipe 
is an ideal choice for sewerage systems. 


Others: 


Bottle-tight joints...resist infiltration and 
seepage; keep roots out. 

Ruggedness...common disturbances such 
as heavy overhead traffic do not hamper 
cast iron pipe’s efficiency. 

Practical...resists sewage and sewerage 
gases that require expensive linings in 
other types of pipe. 

Acceptance...cast iron pipe has been used 
in sewer systems for over 80 years. 


IRON PIPE 


THE MARK OF THE 100-YEAR PIPE 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 
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how one plant can handle 7 types 


wath conside rabli savings mn 


More and more communities—large and small—are looking into the 
possibilities of treating both refuse and sewage sludge at the same 
plant site. Aside from the obvious savings in land acquisition costs, 
the dual function plant offers many other benefits. Manpower and 
equipment can be combined to eliminate costly duplication. And the 
heat generated in burning either refuse or dried sludge can be used 
as an economical source of steam for heating or power merely by 
adding a C-E Waste Heat Boiler to the outlet end of the incinerator. 
This is no cost heat. 


Heart of the C-E 2-in-1 disposal system is the C-E Traveling Grate 
Incinerator Stoker. Using “continuous processing” the C-E Incin- 
erator Stoker requires only minimum attention and maintenance. 
Refuse (alone, or mixed with dried sludge) is fed into the self- 
sealing, non-clogging hopper. It is reduced to a sterile ash, free from 
clinkers and automatically discharged to the ash pit. This ash is 
suitable for use as a sanitary land fill. 


Heat from the burning waste is used to dry sludge in the C-E 
Raymond Flash Dryer. This service-proved equipment provides 
high temperature deodorization and effi- 

cient fly ash collection. The dried sludge 

can then be incinerated to provide heat for 

further sludge drying, or can be used as a 

soil conditioner —in parks or recreation 

areas, or for sale to gardeners. 


FOR Sl ALO? the C-E Raymond Flash Drying 
and Incinerator System permits both drying and incineration of 
sewage sludge—separately or together—in any proportion. Where 
combined sewage and refuse disposal is not feasible, this system 
provides maximum efficiency in processing filter cake. 


TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS 
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COMBUSTION FY ENGINEERING 


General Offices: Windsor, Conn. * New York Offices: 200 Madison Ave., New York 16 
Raymond Division: 427 West Randolph St., Chicago 6, lil. * Western Office: 615 So. Flower St., Los Angeles 17, Cal. 


Canada: Combustion Engineering-Superheater Ltd. 


C-302A 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 


‘over 50 years’ experience coon. Lepecity per are minimal. 
: | of marginal and waste fuel of burning all types 
ith a drying system that°toc one agian bustible refuse in quantities ranging upward 
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Use Tyton Joint” pipe. It’s so quickly, 


easily installed even inexperienced 
crews learn to lay it in minutes. 
No bell holes. No nuts or bolts to 
tighten. No weather worries, either. 
You can lay it in rain or wet 
trench if need be. 

Like all the facts about Tyton Joint 
pipe—the pipe that cuts cost, 
saves so much time in the trench? 
Write or call today. 


U. S. PIPE AND FOUNDRY COMPANY 
General Office, Birmingham 2, Ala. 


A wholly integrated producer from mines 
and blast furnaces to finished pipe. 


EWERAGE 


TYTON 


ONLY FOUR SIMPLE ACTIONS 


Insert gasket with 


a simple hand operat 


AND 
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groove over bead in gasket seat 
Va 
j \ 
\ 
J \ - 
A ~ 
EE Wipe film of Tyt ' bricant ove fe of 
a gasket Your receiving pipe eady 
i 
: 
i 
Se gasket. Note two painted stripe end 
‘ 
= 
a Push entering pipe until the first painted stripe dis 5 
appears and the se trine approximately flush 
with bell face The ealed bottle-tight 
permanently The inh done fast, efficiently, 
U economically Could anything be simpler 
el 
cast iron FOR WATER, | TRIAL SERVICE 
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: 3513 N. Hovey Street, indiangpolis 18, ind. + 1336 North Carolan Ave., Burlingame, Calif. 


SAN FRANC INTERN. ATIONAL AIRPORT 


Flotation system for oil wastes disposal at United Air Lines maintenance base consists of Eimco-Process 


Type 6B Clarifier and Type B Flotator, steel scum tank, 
Kennedy Engineers, San Francisco, California, Consultants. 


tubber-lined storage tank and avxiliaries. 


Economical Treatment of Miscellaneous Waste 
Waters . . . with Eimco-Process Equipment 


Economical and efficient mechanism 
designs for a wide range of waste treat- 
ment problems are incorporated into 
modern Eimco- Process equipment for 
gravity and flotation clarification. Even 
such troublesome wastes as refuse from 
poultry processing are being handled 
successfully. 

Eimco - Process equipment for treat- 
ment of waste waters is available in sizes 
of a few feet in diameter up to 300 feet. 
All Eimco-Process treatment units are 
custom-built for the specific needs of 
your particular job. 

Cooperation of Eimco- Process with 
consulting engineers during plant design 
can be most helpful. When the United Air 


Lines maintenance base at San Francisco 
was faced with an oil separation problem 
that an installation of gravity separators 
could not solve, discussions with the air- 
line’s consulting engineers resulted in a 
plant equipped with Eimco-Process pre- 
treatment and flotation mechanisms in 


tanks that remove free and emulsified oils 
from waste waters before disposal into the 


airport sewer system. 

Additional facts on waste water treat- 
ment equipment can be obtained from 
the Eimco- Process representative near 
you. Call him or write Eimco’s Process 
Engineers Division for Bulletin SM-1017, 
describing Eimco-Process equipment for 
wastes treatment. 


Eimco-Process Type 8 Clarifier Mechanism in 
30-ft square tank handles sewage at winter 
resort. Kennedy Engineers, San Francisco, 


U.S. Government installation employs an Eimco- 
Process Type C 40-ft diameter secondary clarifier 
mechanism. Huntsville, Aloboma. U.S. Army 
Corps of Engineers. 


4 
Consultants, 
SQUAW VALLEY RESORT REDSTONE ARSENAL, ALA. 


G 
m4 MOUNTAIN FARMS, INC. 


Norton, Massachusetts. Eimco-Process Type ADC Type ADC pandcinaciioes Acrehte Digestion plant 
Aerobic Digestion plant for 60,000 GPD sewage fer 100,000 GPD poultry waste flow. Hiddenite, 
flow. Weston and Sampson, Boston, Mass, North Carolina. Abernethy and Scott, Hickory, 

ing Engi North Cerolina, Consulting 


Hilliard, Florida. Eimce-Process Type ADC Aerobic Digestion plant. Civil Aeronautics Administration. 
Walter J. Parks, Jr., Jacksonville, Florida, Consulting Engineer. 
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THE EIMCO CORPORATION 


are Process Engineers Division 
420 Peninsular Avenue 
San Mateo, California 
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How to protect your pipeline 


from too much or too little of it. 


1. Prevents water hammer: Type CCAV 
Controlled Closing Air Valve protects 
against damaging effects of surge and water 
hammer. Combines functions of an air inlet 
valve (vacuum breaker) and a controlled 
closing unit (to prevent sudden water stop- 
page and subsequent water hammer). 4” 
and 6” sizes. Capacities from 575 to 5980 
gpm. Send for Bulletin 1225. 


2. Removes excess air: Type AGFD Auto- 
matic Air Release Valve prevents stoppages 
due to air-lock at high points in line. Has 
large discharge capacity, excess power to 
insure opening of the valve against high in- 
ternal pressure. Can be equipped to hold 
vacuum, preventing re-entry of air into 
pipeline through valve. Furnished with 2”, 
11%” or 1” inlet diameter. Standard valve 
operates to 250 psig—special to 300 psig. 
For details, send for Bulletin 1206. 


3. Protects sewage pipelines: Type “B” 
Air Release Valve, special for lines carrying 
sewage or sludge, removes entrained air 
and gases. Special trap catches sludge, pre- 
vents fouling of air release valve. Relatively 
simple back-flushing cleans out this trap, 
maintains top efficiency and protection. 
Valve itself is same as Type AGFD. Details 
are in Bulletin 1206. 


4. Provides three functions: Type AV Air 
Release and Air Inlet Valve performs three 
operations, combines great protection and 
single-unit economy: (1) Automatically re- 
leases accumulated air, (2) admits air to 
break vacuum, and (3) vents pipeline to 
permit escape of air when filling system 
with water. Standard units operate to 150 
psi. For full details, send for Bulletin 1205. 


5. Breaks vacuums: Type VAC Air Inlet 
Valve solves twoserious pipeline problems: 
possible collapse of pipelines due to for- 
mation of vacuums—and stoppage of flow, 
caused by air binding when lines are being 
filled. Standard units have 4” to 10” inlet 
diameters, can be assembled in groups to 
do the work of one large, expensive valve. 
For 16 pages of detailed information, send 
for Bulletin 1202. 


SIMPLEX 


VALVE AND METER COMPANY 


a division of PFAUDLER PERMUTIT INC. 
Lancaster, Pennsylvania 
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NEW JOINTING MATERIAL 
LASTS LONGER 
THAN SUBSTITUTE PIPE 


Lifetime Vitrified Clay Pipe—which is chemically 
inert and can't be damaged by gases and acids 
normally found in sewer lines—has been the stand- 
ard of excellence for centuries. 

But how about the new resilient jointing materials 
now being used on Clay Pipe? How do they stand 
up under acid attack? 

Samples of standard jointing material have been 
suspended in sewer lines in cities all over the coun- 
try to see how they react to normal exposure. But 
we wanted to find out quickly if they stand up to 
sulphuric acid—the number one killer of sanitary 
sewer lines built of substitute pipe. 

In one test, samples of cement-asbestos, concrete 
and clay pipe and five jointing materials were 
weighed dry, then exposed to a five-percent sul- 


Pipe and jointing materials 
after 100 days exposure in 


phuric acid solution for 100 days. They were then 
removed from the acid, dried, and weighed again 
to observe weight loss and disintegration. 

The results were amazing! 

The sample of concrete pipe was completely dis- 
integrated. The sample of cement-asbestos pipe was 
badly laminated and almost disintegrated. 

But there was no evidence of any deterioration of 
either the jointing materials or, naturally, the Vitri- 
fied Clay Pipe. 

Get all the facts* before you specify any kind of 
pipe for your community's sewer line. There's no 
substitute for lifetime Vitrified Clay Pipe with the 
new compression joints. 

*Further explanation of this experiment is 
available on request. 


6 NEW JOINTING MATERIALS 


5% Sulphuric Acid Solution 


PIPE MATERIALS 
after 4 


JOINTING MATERIALS JOINTING MATERIALS 
after | 


after | 


Unretouched photographs made at the NCPMI Research Loboratory 


Vitrified 
Clay 


Cement- Concrete 


Asbestos 


COMPRESSION SEALED, VITRIFIED 


PIPE 


THE STANDARD in SANITARY SEWERS 


4 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1028 C ticut Ave., Washington, D. C. 

Please send me full details on the new factory- 
made compression joints on Clay Pipe. 


(nome) 


(company) 


(street address) 


| 
| 
| 


(city and state) 
8.21 WP 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 


1028 Connecticut Avenue 


Washington 6, D. C. 
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WHY TRICKLING FILTERS SUCCEED 
for Sewage and Wastes Treatment 


NATCO 


Natco Corporation 
Pittsburgh 22, Pa 


TRANSLOT 


Cannelton Sewer Pipe Co. 
Cannelton, In 


ARMCRE 


Ayer-McCarel Clay Co., Inc. 
Brozil, Ind. 


Bowerston Shale Co, 
Bowerston, Ohio 


Nearly 1,000 new trickling filters went into service be- 
tween 1945 and 1957. The building-pace continues 
unabated. This is a direct reflection of their economy 
in construction and efficiency in operation. For many 
of these filters are working as well today as when first 
built, even those thirty and more years old. Costly re- 
modeling and rebuilding have been avoided. And no 
other type is easier to add to if growth exceeds your 
original estimate. 


An important element in this success has ben the vitri- 
fied clay underdrain blocks in the floors. Clay leads 
the field in its resistance to corrosive factors such as 
acids, alkalis and bacteriological action. TFFI Specifi- 
cation clay blocks not only serve right, they are made 
right—in modern plants under manufacturing controls 
of quality that substitute materials cannot even ap- 
proach. 


Demand Certified Underdrain Block! 
Vitrified Clay Block manufactured by TRICK- 
LING FILTER FLOOR INSTITUTE members 


and tested by the Materials Testing Laboratory of 


Rose Polytechnic Institute comply with or exceed 
ASTM Specification C 159-59T. 


Only TFFI blocks give you a 50-year Guarantee. 


TRICKLING [FILTER FLOOR INSTITUTE 


POMONA 


Pemeno Terra-Cotta Co. 
Pemens, Ne Cor. 


Address nearest member 


TRANSLOT DICKEY 


Texos Vitrified Pipe Ce. 


W. S. Dickey Clay Mfg. Ce, 
Mineral Wells, Texes 


Kansos City 6, Mo. 
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Rex Front Cleaned Bar Screens 

with a Pivot a 
Provide Maximum Flexibility 
for Los Angeles County Plant | 


_ In the Los Angeles County Sanitation 
District No. 2 Sewage Treatment Plant at 
Harbor City, a new concept in screening 
operations has assured a new high in effi- 
ciency and flexibility...a new low in oper- 
ating and maintenance costs... Rex Front 
Cleaned Bar Screens, designed to pivot. 


Close-up view show- 
ing screen suspended 
in channel. Note neat 
appearance. . . totally 
enclosed, streamlined 
housing and “‘straight- 
through,’’ unob- 
structed flow. 


Five Rex Front Cleaned Bar 
Screens, designed to pivot, 
at Los Angeles County, 
Harbor City Plant. 

Channel width, 6% feet; 
channel depth, 16 feet. 
Two screens each handle a 
flow ranging from 30 to 

89 m.g.d. Three screens 
each handle flows of 42 to 
27 m.g.d. 


With this advanced design, each screen 
is pivoted so that it can be easily 
swung out of the channel for inspection 
and servicing. No need to dewater the chan- 
nel...no need to shut down operations. 

. Screens are back in service in a hurry. 


FRONT CLEANING... front- 
mounted rake is held firmly in place... pro- 
vides maximum shelf for carrying capacity. 
Positive, complete cleaning of tops and Screen pivoted out of channel. Pivot shaft rides in heavy- 
sides of bars to their full depth. Rakes and duty angle pillow blocks mounted on concrete pedestals. 
teeth clean the bars. No chance for rakes 

to slide over, or miss, screenings. Bar rack 

is held firmly in place at top and bottom 

to maintain uniform spacing. 


MAXIMUM EFFICIENCY. Full 60- 
degree inclined racks mean greater rack 
area exposed to the flow. Dead plate from 
bar rack to point of discharge eliminates 
spillage...no screenings on downstream 
side. Chain Belt Company, 1606 W. Green- 


field Ave., Milwaukee 1, Wis. CHAIN BELT COMPANY 


4 
f 
~4 


28a 


How to increase 
aeration capacity 
without adding 
new tankage 


Here is the new activated sludge system a 
York, Pa. Sewer Authority. Plant capac 
ity is higher than ever before, yet not 
cent has been spent for new basins 

Four Permutit® Permaerators make 
the heart of the system. The unit you se 
being installed is capable of transferri 
115 lb. of oxygen per hour with ¢ 
pressed air flow of only 420 clm 

High t thic rencies of this type are Pp Ssil 
by utilizing atmospheric air entrained 
the upper turbine of the Permaerator 
addition, the upper turbine redisperses 
compresse d air released from a Sparge ring 
beneath the lower turbine 

Albright & Friel, the consulting eng 
neers, recommended Permutit Permaerat 
because of their high efficiency, rugg 
construction, and low initial cost. By the 
installation of four Permaerators 
tem’s ability to handle higher hydra 
and biological loadings was significantly 
increased. Since Permaerators are 
able to old as well as new basins, this in 
crease in treatment capacity was I 
without construction of any 
tankage. 

What York has done, you too can ac- 
complish. If you need to increase the c: 
pacity of your activated sludge plant with 
a minimum of capital expenditure, consid 
the Permutit Permaerator. For furth 
formation, write for Bulletin 4619. Per 
Division, Dept. JWP-51, 50 W 
Street, New York 36, N. Y 
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*FLUIDICS is the Pfau 
gram that integrates k 
ment and experience in solv 
involving fluids 
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FLUIDICS* at work 


w slied here is one of four Permutit Pe 


aeratior 


rmaerators now in use at 
tanks, and two in the return sludge stabilization tank 


PFAUDLER PERMUTIT inc. 


7 Specialists in FLUIDICS... the science of fluid processes 
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An entirely 


providing 
NIRODER 
Non-Slip Rod Drive! 


OX LO 


NO ROLLERS TO SCORE OR BURN 
ANOTHER 
“Flexible” 
FIRST! 


| 


PAT. PENDING 


UniRodeR Model SUR-] rods sewers 
and is ideal for threading cable 
for bucket machines 


CAMS GRIP TIGHTER UNDER LOAD 


Revolutionary! Traveling cams 
push or pull the continuous 
rod, rotating with it in either 
direction. The heavier the load the tighter the cams 
grip the rod. NO FRICTION ROLLERS TO SCORE OR Capacity up to 2000 ft. 
BURN. Exclusive Safety Overload Clutch protects pipe, 
machine and rod. Simplified mechanism and fewer Tool Box, 3 cu. ft. Capacity 


working parts mean less maintenance than any other ; 
continuous rodder! All Moving Parte Enclosed 


8 Speeds Forward or Reverse 


Positive Non-Slip Cam Drive 


Safety Overload Clutch 


Footage Meter 


Uses From “4 to %-in. Rod 


FLEXIBLE inc. 


415 S. Zangs Blvd., Dallas, Texas 
Factories: Los Angeles, Calif. and Lima, Ohio 


9 hp. with Self Starter 
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PITCH-IMPREGNATED 


Costs reduced in natural process 
waste disposal system 


P.1. PIPE comes in 10° lengths up to 36” LD.; 
straight line fibre couplings available with or 
without neoprene gaskets. Can be sawed, or corrosion, over 11,000 ft. of P.1. PIPE was used in this “bubbling 
drilled and tapped for special fittings. Steel orifice’ waste disposal system, installed at John H. Dulany & Son, Inc., 
fittings may be connected to P.I. PIPE with frozen food packer ; 

Dresser or other similar couplings. 


Because of its low initial cost, ease of installation, and resistance to 


Sonoco P.I. PIPE is the newest development in fibre pipe—and the 
only fibre pipe available in 1.D.’s up to 36 inches! It has particular 
value in industrial waste disposal systems because it is strong, low 
in cost, and impervious to harsh chemicals found in soils and effluents 
In fact, with its ease of installation and great durability, P.1. PIPE 
can be used with excellent results for all types of gravity flow lines 
where the maximum head does not exceed 20 feet. It also is ideal 
for industrial venting 


Wall thicknesses of P.I. PIPE can be varied in any diameter to meet 
your specifications for crushing strength. This means you get the best 
possible pipe for your needs at the lowest possible cost 


The next time your plans include a non-pressure or low pressure 
pipe line. specify Sonoco PI. PIPE and save time, labor, replace- 
ments, and money! 


For complete information and prices, write 


Bubbling orifice natural waste 


te disposol sys 
tem of John H. Dulany & Son, Inc, Fruitland 
Maryland, vegetable canners. Designed ond 4877 
engineering by C. W. Thornwaithe Associates 


Elmer, N. J. From the supply main, connery 
waste effluent flows into buried distribution a 
loterals, and bubbles to the soil surface 
through short risers, spaced every 20 feet 
This waste is then purified by natural filtra 


tion and absorption SONOCO PRODUCTS COMPANY + MARTSVILLE, S. C. 
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OBJECTIVE PERFORMANCE 


... EFFICIENCY AND ECONOMY WITH 


NON-CLO 


TYPE KUC VERTICAL—For com- 
pact installation with flexible 
coupling drive motor high 
above floor. 


TYPE KCM VERTICAL— Utmost 
compactness...close-coupled 
design... low suction, 


G PUMPS 


For handling heavy liquids... and solids in suspension. 
Ideal for public utility and industrial wastes. 


Capacities to 9000 GPM « Heads to 150 feet « Solids 
size to 6 inches 


Easy Installation Large Passageways 


e Easy Disassembly ¢ Many optional features 


¢ Smooth— Quiet available 
operation © Uniquely belanced 


impellers 
e Hand cleanout provided P 
in casings e Engine or combination 


e Detachable suction and drives available 


packing covers e Deep packing boxes 


ALTERNATE IMPELLER DESIGN 


ENCLOSED 


TYPE KU VERTICAL—For flexible 
shoft drive ... misalignment proof 
-..elevated motor protection 
ogoinst pit flooding. 


ASK FOR... 


MONO-VANE BULLETIN 121 MV 


NON-CLOG BULLETIN 121A 
SUMP BULLETIN 104 


TYPE KS VERTICAL SUMP—For 
heavy duty wet pit service. Com- 
plete unit engineered to specific 
pit requirements. 


NON-CLOG 
OR 


=MONO-VANE 
SINGLE 
PASSAGE 


TYPE KGG HORIZONTAL—Rugged bose mounted unit 
... for use where suction conditions permit horizontal 
mounting. 


AURORA PUMP owision 


THE NEW YORK AIR BRAKE COMPANY 


LOUCKS g 


AURORA, ILLINOIS 
LOCAL DISTRIBUTOR IS LISTED IN THE YELLOW PAGES OF YOUR PHONE BOOK 
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LOOK AT THE ADVANTAGES 
you get with Marlow plunger pumps 
for more efficient sludge handling! 


Oversized eccentric Sep stroke variations 


ut pin cleanly 


Plunger can be re- 
moved wi t 


Clog proof ball 


valve is guided by 
ribs” 
the yalve chamber. 


Replacement 
valve seats 


gutters ba 
rip er on 
Guar. al 


age for life 


Constant out-put despite chang 
ing head conditions. 


High pressures when needed to 
free clogged lines. 


MARLOW PUMPS 


Division of Bell & Gossett Company 
MIDLAND PARK, NEW JERSEY 
4 Rugged construction _ stones, Longview, Texas * Morton Grove, Illinois 


metal slugs can not harm pump 
parts. 


w bh 


Self priming . . . no auxiliary prim- 
ing equipment required. 


29, 
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Heavy flanges on : 
each side of eccen- 4 
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ee Owner: City of College Station, Texas 
Engineers: Homer A. Hunter Associates 
7 Dallas, Texas 
~*~ Design Flow: 0.52 MGD 
Lakeside 
Equipment: 2 24’-0” Spiragesters 
1 — 120’-0” Rotary Distributor j 
1 — 35’-0” x 9 SWD Spiraflo Clarifier sso. 


SPIRAGESTERS 2 used singly for projects 
under 6000 P.E. They give superior results with the 
minimum of operating skill. Construction and op- 
erating costs are among the lowest. Plant expansion 
available by adding another Spiragester or easily 
converting the tank to a digester. Spiragesters are 
now installed throughout the U. S. Also Canada and 
foreign countries. As at College Station, Lakeside 
provides trickling filter and Spiraflo final clarifier 
equipment for a complete treatment plant. Write for 
Bulletin 100. 
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First and last it pays to make concrete plans for your community 
with the best possible medium for water transmission—CONCRETE 
PRESSURE PIPE. 
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Your community’ future 
demands concrete planning 


Why are so many communities turning to 
concrete pressure pipe for their main water 
lifeline of the future? Farsighted waterworks 
authorities recognize that the present critical 
demands, brought about by our recent popu- 
lation and industrial explosion, may easily be 
doubled within the next 25 years. 

They also recognize that, with concrete 
pressure pipe, plans for the future are laid on 
a solid foundation of an exceptional life span, 
minimum maintenance requirements and vir- 
tually no replacement costs. But most of all, 
their planning can be accurate, because con- 
crete pressure pipe’s initial high carrying 


CONCRETE PRESSURE 


capacity will remain unimpaired in years to 
come when demands on the line will be 
highest. 


WATER FOR GENERATIONS TO COME 


PIPE ASSOCIATION 


228 North LaSalle Street e Chicago 1, Illinois 


: pressure © 
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NEW SEWAGE TREATMENT PLANT, HARRISBURG, PA. 


Inertol paints used 
“WE’RE PLEASED WITH THE RESULTS!” 


says William E. Sacra, Superintendent, Harrisburg Sewerage Works 


Harrisburg’s newly completed Sewage 
Treatment Plant is Central Pennsylvania’s 
largest. In addition to treating the wastes 
from Harrisburg, the plant will handle 
wastes from neighboring townships and 
boroughs covering a drainage area of 
30,776 acres with a combined population 
of 152,194. The facility was placed into 
operation in 1960 to coincide with Harris- 
burg’s 100th anniversary as a city in the 
Commonwealth of Pennsylvania. 

Consulting engineers Gannett Fleming 
Corddry and Carpenter, Inc., Harrisburg, 
specified Inertol coatings for use in the 
plant. Inertol coatings were specified be- 
cause of their proved performance. 


Conserve Water 


View of basement of control building. Glamortex® Enamel, for mar-resistant protection and beauty, 
was used on steel members of ceiling and on the handrails. Ceiling was painted with Ramuc® Utility 
Enamel, ideal for surfaces exposed to severe condensation, fumes, splashing. Incinerator equip- 
ment was painted with Inertol High-Heat Aluminum Paint No. 445,a high quality silicone-base coating. 


Year after year, many consulting engi- 
neers, municipal authorities and mainte- 
nance men specify Inertol protective-deco- 
rative coatings. A paint best suited to your 
requirements can be selected from Inertol 
Company’s complete line. Inertol paints 
are available in a variety of beautiful 
colors. 

Buy Inertol paints direct from the manu- 
facturer. Shipment within three days from 
our plant, or from warehouse stocks in 
your area. Write for free, valuable Main- 
tenance Painting Guide, S-586. 

A complete line of quality coatings for 
pollution control, industrial wastes, water 
plants and swimming pools, 


INERTOL CO., INC. 


482 Frelinghuysen Avenue, Newark 12, N.J. 
27-H South Park, San Francisco 7, California 
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“Hey, Hartley— 
doesn’t this white pipe 
ever die of old age?” 


Hardly! You see, Transite", the white sewer pipe, is 
made of ageless minerals—asbestos and cement. The 
asbestos fibers, each with the tensile strength of piano 
wire, reinforce the cement to form a stone-like pipe 
that is rugged, tough and durable. Transite is also 
steam-cured under high pressure, adding further to 
its strength, durability and chemical stability. And, 
being non-metallic, there’s no chance of oxidation 
weakening its structure. What’s more, Transite’s high 
crushing strength can withstand the heavy over- 
burden, ground movement and earth shocks that con- 
tinually challenge the ability of sewer pipe. When you 
add to this Transite’s long lengths, tight joints and 
naturally smooth interior, it becomes obvious that 
this white sewer pipe was designed to offer greater 
total life expectancy. 

For all the facts, write for special data file. Please 
indicate if you are a city official, engineer or con- 
tractor. Address: Johns-Manville, Special Sewer 
Data, Box 14, JW-4, New York 16, N. Y. In Canada: 
Port Credit, Ont. Cable address: Johnmanvil. 


The Transite Pipe shown in this 23-year-old 
photo is still providing trouble-free service. 


JOHNS-MANVILLE 


TRANSITE SEWER PIPE 
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New! Dorr-Oliver 


INKA AERATION SYSTEM 


The first truly different approach to activated 
sludge aeration in the last 30 years 


A high turbulence bubble zone provided by corrosion proof, clog- 
resistant aeration grids of radically new design now makes possible 
greatly increased oxygen absorption rates for more efficient biologi- 
cal treatment of sewage and industrial wastes by the activated 
sludge process. 

The D-O INKA system is an exclusive development, based on a 
new principle of operation. It not only offers higher oxygenation 
capacities but also high circulating velocities that promote optimum 
mixing conditions. Simple, low pressure fans are used rather than 
conventional blowers. No air filters are required. Oxygen transfer 
rates from 10 ppm to 150 ppm per hour and higher are feasible. 
Power costs range from 0.20 Kwh to 0.45 Kwh per pound of oxygen 
dissolved, depending on transfer rates. Construction and mainte- 
nance costs are low. For full details, write for Bulletin No. 7317 to 
Dorr-Oliver Incorporated, Stamford, Connecticut. 


DORR -OLIVEF 


WORLD-WIDE RESEARCH *¢ ENGINEERING * EQUIPMENT 


THE WATER POLLUTION IMAGE 


M. D. Hollis 


If there is general agreement that 
water pollution results from concentra- 
tions of people in a progressive dy- 
namie economy, then certainly it should 
surprise no one that today this is an 
involved and complex problem. This 
is simply in keeping with the tenor of 
the times. A requisite need, perhaps, 
is to break down barriers of provincial- 
ism, the prejudices of proprietary in- 
terests, and varieties of narrow tradi- 
tional view, too commonly 
shared by so many. 


points of 


Representative at this assemblage, 
for instanee, is an amalgamation of 
water pollution interests. This cer- 
tainly is proper and is indeed as it 
should be Some of these interests 


have long been known to coexist with 
than brotherly love. 
Interwoven in this problem are sources 
of friction 


something less 


ingredients for dissatis- 
But as citizens all, there is 
reason to believe that among this group 


factions. 


there is something approaching a com- 
mon denominator of basie concerns and 
aspirations, even though at times it 
seems a bit remote. 

What is now important is to see if 
this national conference can stimulate 
cool air of ¢o- 


something beyond a 


existence. To see if there ean be a 
modification of the spirit of compet- 
ing interest, of conflicting interest—to 


something more akin to a spirit of al- 


The author is Ass 


and Chief Enaineer of the 


stant Surgeon General 
Public Health Serv- 
ice, De pai tment of Health, Education, 
Welfare ashington, D. C. Ile 
President of the Fe 


The paper 


and 
was the 1960 
deration, 

National 
Conference on Water Pollution in Washing- 
ton, D. C., Dec. 12 l 


was presented at the 


14, 1960 
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lied interest, of common goals, and com- 
This is needed to re- 
move the feeling of incompatibility be- 
tween the reasonable protection of the 
Nation’s waters and the obvious neces- 


mon objectives. 


sary use of these same waters for the 
final disposal of liquid wastes. 

If such differences can be resolved, 
the result should contribute signifi- 
cantly to a long overdue, much needed, 
clear ‘‘mission Cer- 
tainly such an objective is important, 


for the sixties.’ 


and it is timely on this eve of a new 
year and on this eve of a new decade. 


The Problem 


The first consideration is to ask why 
there is a pollution problem. For sim- 
plicity, this is discussed on a national 
reminder is that 
for any given watershed and for the 
Nation as whole, 
water supplies are constant. So much 
the Here it 
divides among ground storage, evapora- 


composite basis. A 


average surface 


water falls on earth. 
tion, transpiration, runoff to streams, 
and finally discharges to the oceans. 
Land use practices alter runoff pat- 
terns. Impoundments modify rates of 
downstream flow. In the water cycle, 
significant but 
they do not change over-all quantities. 


these are influences, 


The situation in 1900 is first consid- 


ered. Urban population was 30 mil- 
lion. The population using surface 
water supplies was 2 million. Treat- 


ment provided was settling and filtra- 
tion. Sewered population was 25 mil- 
lion, but there was practically no treat- 
ment. Wildlife and recreational values 
were relatively unimpaired. 
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By 1920, urban population had in- 
creased to 54 million and those using 
surface water supplies, to 20 million. 
Coagulation were 
added to water treatment practice. The 


and chlorination 
sewered population increased to 50 mil- 
lion, 10 million of which were provided 
some crude treatment. Rumblings were 
heard about localized pollutional nui- 
about wildlife and recreational 
impairments. 

By 1940, the urban population was 
80 million. At that time 40 million 
people used surface streams for drink- 
ing water. Water treatment was im 
proved. The sewered population was 
70 million with about half being pro- 
vided 


sahces 


sewage treatment. Secondary 
Chlo- 
rination of sewage effluents was added 
in some total 


flow 


treatment became more Common. 
Cases. Hlowever, the 
stream 
stant. 
pronounced 


remains essentially 
Loealized pollution 
and extended 
affected. 
terloration of 
nizable factor, public indignation in 


Was more 
ltesort 
Progressive de 


areas Were 


streams became a recog 
creased, 

A pause at order. A 
delineation of from city 
sewers and from industrial operations 


1940 is in 
pollution 


and its impacts are discussed as fol 
lows: 

1. Biological These 
are living organisms, germs of all types, 
including 


contaminants. 


those with the deadly po 
tential of causing outbreaks and epi- 
demies of human This is a 
continuing publie health concern. The 
source is mainly household waste, more 
specifically, human sewage. With dilu 
tion, and harmful germs ul 
timately die off in the stream. Chlo 
rination of sewage effluents reduces the 


diseases. 


time, 


numbers of living organisms. 

mi These are 
material that 
utilizes dissolved oxygen in the stream 


Oreanie contaminants. 
composed of unstable 
in the natural process of stabilization. 
The dissolved oxygen supports the type 
of bacteria needed to consume the or- 


ganic matter. Thus, streams have the 
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ability to cleanse themselves of organic 
pollution, if such loadings are not too 
heavy. Below points of such pollution 
the oxygen in the stream is used up, 
generally 


placed. 


much faster than it is re 
Within limits, and with time, 
the stream recovers from the shock of 
such pollution. On the other hand, if 
overloaded, the dissolved oxygen in the 
stream is depleted; fish die, the aquatic 
and the stream be 


balance is upset, 


comes literally a sewer and a cesspool. 


sense, it becomes useless 


In a 
The 


largely cities and industries. 


water. 
souree of organic pollution is 
These 


acids, alkalies, and salts from mining 


3. Inorganic pollution. are 
operations, oil fields, metal plating, and 
a host of other 


pursuits. 


industrial and 


Such 


com 
mercial pollution is 


persistent, and where excessive, de 


erades stream usage. Dilution modifies 


the effects. 


As to World War II 


vreat impetus to metropolitan and in 


1960; gave 


dustrial growth. Urban population is 
How 

1940. 
surface streams for drinking 
100 million—up 150 per cent over 1940. 
The sewered population is 105 million, 
with 80 million subject to varying de- 


126 million—up 55 per cent over 
The population depending on 


water is 


erees of waste treatment. 


Effects of the War 

Prior to 1940, there 
orderly transition from a rural to an 
still 
separated entities, generally with ap- 


Was a somewhat 


industrial economy. Cities were 


preciable distances between shocks of 
pollution. Industries were in or 
Pollution, for the 


near 
cities. most part, 
Was natural organic materials with con- 
centrations of biological contaminants. 
Improvements in water treatment and 
extension of waste treatment kept the 
xees- 
sive pollution, where it occurred, was 


scales reasonably in balance. 
still largely localized and over short 
stretches of streams. 


Since 1940, three major influences 


; 
. 
4 
4 
4 
oy 
: 
: 
I 


All 


aggravate the pollution situation. 
three are World War IL related: 


1. There 


tempo in 


was a fantastically in- 
the 


industrial develop- 


transition to 


creased 
metropolitan and 
ment—the formation of gigantic metro- 
politan complexes extending hundreds 
of miles 


Water 


generally following major 
where 
there is water and populations build 
up Where there is industry. 

2. There 


struction of 


COUrSeS, Industries go 


was practically con- 
industrial 
waste treatment works over the period 
1940 to 1947 
needed for the war effort. 

3. The 


progress brought with it a whole array 


municipal or 
Men and materials were 


avalanche of technological 
of new-type contaminants, such as syn- 
thetic chemicals and radioactive wastes. 
Production and use of such materials 
continue upward at substantial rates. 


Future Trends 


By 1980 the urban population will be 
in the 200-million range. The popula- 
tion depending on surface streams for 
drinking water will be about 165 mil- 
lion. The sewered population will be 
at 200 million. It is assumed that all 
waste will be treated. 
will be the kor 
streams the waves of pollution shocks 
will 


Average stream 
flows same. most 
additive: there 
will be little time for the stream to re- 


become somewhat 


Distances 
water in- 
takes will be wedged closer and eloser 
together. 


cover between such shocks. 
between waste outfalls and 
Hundreds of new type, more 
persistent pollutants will further com 
plicate the situation. 
The pollution image 
and likely it will darken, 


will broaden 
At the same 
time water needs will spiral upward 
toward astronomical figures. Repeated 
become the rule, 
Three-fourths of the 


1980 population will live in metropoli- 


reuse of waters will 
not the exception. 


Six-times reuse of the same 
What then 
What will 


tan areas. 


water must be anticipated. 
will water quality be like? 
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What 


about recreational and aquatic values? 


the stream environment be like? 


These are pertinent questions, 


This representation of composite 
stream and urban development  ob- 
viously is an oversimplification. For 


one thing, it does not include the in- 
dustrial waste picture. Accurate data 
simply are not available, but industrial 
growth since 1940 has been much more 
phenomenal than metropolitan 
vrowth. Further, there are wide varia- 


tions between streams as to the type 
and extent of pollution as well as 
stream usage and needs. 

In the past there has been heavy de- 
pendence on dilution water—*‘ solution 
by dilution.”” What supple- 
menting stream flows? There is gen- 
eral agreement that, as a continental 
unit, the Nation actually has enough 
water. 


about 


The problem is one of poor 
distribution, both geographically and 
seasonally. Within a given watershed, 
impoundments can do much to even 
out flood flows, but there are practical 
limits. 

How feasible is it to 
water between watersheds ? 
realistic the one 
of transporting water on the ground. 
On this, intriguing possibilities come to 
mind, 
basin 


redistribute 
The more 


method is laborious 


interlacing inter- 
canals and conduits 
fed by surplus flood waters from major 
rivers and, even more enticing, fed by 
waters from the Great Lakes. In terms 
of engineering feasibility, cheap power 
would be the key. 


Envision an 
network of 


But before becoming too eestatie in 
flights of fancy, practical, legal, and 
political realities 
with. 


reckoned 
Diversions of waters from natu- 
ral watersheds introduce fundamental 
questions of 


must be 


economics, basic water 
law, water doctrines, and ownership 
of water. Already, there are innumer- 
able examples of these conflicts where 
such diversion is practiced or proposed. 

The conversion of sea water has in- 


While 


striking progress is being made, the 


trigued scientists over the ages. 
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practical economics of desalting and 
the major logistics of transportation, 
place this means of augmentation at 
some distant future with limited 
application. This is certainly true in 
terms of inland areas and general wa- 
ter needs, such as more water for dilu- 
tion of waste. 

The science of weather modification, 
to supplement rainfall by 
means, 


and 


artificial 
Without 
debating the pros and cons, the practi- 
cal application of 


has been suggested. 


this science, as a 
substantial adjuster, is a long way olf. 

Accordingly, for the predictable fu 
ture, reality seems to dictate, for the 
most part, the necessity for using what 
is now at that 
completion of the network of impound 
ments to flood 
complished ; that work be done toward 


hand, basin by basin; 


even out flows be ae- 
and 
finally, that the most reasonable method 
of ‘“‘providing’’ 


the more equitable use of water; 


water is to 
And the best Way 
to save water is to avoid excessive pol 


more 
‘*save’? more water 
lution of streams. ‘There is always a 
return to the basic necessity of effective 
treatment of 
practical 


sewage and 


Waste as a 


means to reduce pollution, 
and to preserve water quality for re 
peated reuse as streams flow from head 


waters to the oceans. 


Actual Status Today 


Now, what is the status today? <A 
hundred million people depend on sur 
105 


dis- 


face streams for drinking water; 


million are connected to sewers 


these 
industrial growth is accelerat- 


charging essentially to same 
streams ; 
ing; aquatic recreation is in higher 
demand. 
Remember that 
partial treatment—not purification. 
Treatment is designed to condition the 
waste, and reduce its pollutional shock, 
with the stream completing the job. 
Kor areas, this still 
workable and will so remain for the 
predictable future. Economically this 


waste treatment is 


most concept is 


is important, because costs are quite 
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high for advanced stages of treatment. 
On the other hand, in some areas, the 
composite residual loadings after treat 
ment are already overtaxing stream 
This will be- 
come common in the years ahead. In- 
proved treatment will be needed. This 
is one of the several new situations that 


capabilities. situation 


must be faced as progress is made to- 


ward the bright new world. 


Public Health Aspects 


Now, What about the public health 


implications of the changing pollution 


picture? In man’s contemporary en- 
vironment, contaminants in air, water, 
and food are becoming somewhat inter- 
related in their impact on_ health. 
Earlier in the publie health 
practice focused on the microbiological 
With 
to water supply and sewage 
directed, and 
properly so, to the problem of econtrol- 


century 


factors causing diseases in man. 
respect 
disposal, attention was 
ling germ diseases, largely enterie in- 
fections. This bril- 
hantly successful—-water-borne epidem- 


effort has been 


ics and outbreaks have been virtually 


eliminated. Communicable diseases 
continue to be a plague; problems will 
be aggravated with population coneen- 
The safety 
respondingly 
not be too 


trations. factor grows ¢or- 
But it should 
to strengthen the 


Deficiencies in 


thinner 
diftieult 
protective barriers 
will 
be due largely to shortage of vision and 


handling biological contaminants 
to apathy, not lack of scientifie know- 
how with time-tested practical applica- 
tion. The problem of viruses does rep- 
resent an exception 

The post-war focus of public health 
has broadened to inelude major atten- 
tion to the chronie impairments of man 

to changing environmental stresses. 
. there is a signifi- 
between the 
mental stresses of the nineteenth cen- 
those of 


century ago were allied principally to 


Fair has stated, ‘*. . 


eant difference environ- 


tury and today; those of a 


microbiological factors; those of today 


~ 
5 
2 
: 
— 
a 
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have their souree in microchemiecal 
substanees.’”’ 


New Contaminants 


Today metropolitan and industrial 
wastes are huge in volume and inelude 
increasing amounts of new-type syn 
thetie chemical contaminants. Most of 
these wastes were practically non-ex- 
istent in 1940. Now they are present 
in coneentrations up to 0.5 mg/1 in 
several major streams. These synthetic 
organics do not break down like natu- 
ral organics, they are persistent over 
long periods, and to a large extent, 
they are not removed either by sewage 
treatment or by normal water purifica- 
tion practices. There is much to learn 
about the behavior of these new con- 
taminants in streams; their relation- 
ship to natural stream purification phe 
nomena; and their long-range subtle 
effects on public health, on aquatie life, 
and on municipal and industrial water 
supplies. They add the question of 
toxicity to the age-old problems of 
tvphoid fever and similar diseases. 

The buildup of these complex econ 
elomerates in streams and even their 
low-level existence in drinking water 
in itself is no basis for alarm. But eer- 
tainly it must be learned what these 
materials are and how to measure them. 
More must be learned about the long- 
range chronic effects; about combina- 
tions and about synergistic potentials. 
Radioactive waste is another contami- 
nant introducing new problems, new 
dimensions, and new headaches. 

This aspect of the pollution situa- 
tion is characterized more by what is 
not known than by what is known. 
This is not the type of problem that 
should be ‘‘swe pt under the rug’’ and 
forgotten. It needs to be in the open 
and it needs to be worked on. For 
when trends are projected for a decade 
or two, this aspect of pollution does 
have sobering implications and creates 
a real sense of urgency for research 


action now. The publie health aspect 


POLLUTION TRENDS 


219 


of water pollution again moves front 
and center. 


Contaminants from Runoff 


In a word, sewered waste today is a 
vastly complicated material, compared 
to what it was before 1940. This points 
up the second of the new situations. 
Another contributing factor, as yet 
undiagnosed, is the impact on stream 
usage of non-sewered contaminants; 
for example, the residue from some 500 
million pounds of synthetic pesticides 
produeed annually for agricultural 
practice, 

This is an era of accelerating change, 
with increasing tempos affecting almost 
every facet of daily living. Pollution 
control in the past has been largely 
corrective. In the future it must be 
preventive. Remedial measures must 
replace corrective actions. The tenor 
of the times and the complexity of the 
problem simply outmode the philoso- 
phy of postponement. The present so 
soon becomes the past that continually, 
from here on. work must be done with 
a critical eve to the future. 

When 1980 or 1990 is considered, no 
longer is it some dim future that the 
next generation might worry about. 
On water pollution, the need for clear 
concepts and principles, for stepped-up 
research and bold action cannot be 
postponed. This need is not tomorrow 

it is today. Perhaps even it was 
vesterday. 


Recreation and Aquatic Life 

With respect to recreation and 
aquatic life, pollution has progressively 
degraded these values in most areas of 
the Nation. Degradation runs the 
gamut, ranging from impairment of 
natural values, to destruction of fish- 
food chains, to periodic fish kills, and 
to extinetion of beneficial aquatie life. 
by way of exception, there are excel- 
lent examples, such as the Sehuylkill 
River in Pennsylvania, where degrada- 
tion has been reversed and a desirable 
natural balanee restored. The favor- 


. 
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able economics of this action is a mat- 
ter of record. 

There is certainly little doubt of in 
creasing public demand for preserva 
tion and recreational use of water re 
One the 
statistics on boating equipment, aquatic 


sources. need only review 
sports, fishing, and hunting parapher 
nalia to be convinced, both of publie 
attitude and 
tentials. 
But 


membered 


measurable economic po 
must be re 
time 
which en 


now a caution—it 
that 


and high standard of living, 


increased leisure 
able Americans to enjoy these reerea 
tional pursuits, have 
in the industrial-technological economy 
The by-product liquid wastes from man 
runoff drainage ul 
timately must be discharged to streams. 


their roots deep 


and machines and 


Accommodation of this reality in many 
congested areas will limit the practical 
extent that all 
preserved. 


natural values ean be 
It must be recognized that to enjoy 


the great advantages of modern tech 
there 
the 


is one of these. 


nology must be acceptance of 
Pollution 


But the pollution im 


some of consequences 


pact from human activity in these 
areas of ‘‘ wall-to-wall’? people can be 
and it must be moderated 
the attempt is 
made to maintain streams is a matter 
of and of 


values both tangible and intangible. If 


moderated 


How clean and pure 


economics and realities, 


the objective pristine purity for 
purity sake, it is easy TO ‘price’? the 
publie out of progress. On the other 
hand, if the objective iS solely the dol 
lar sign, continually to undereut the 


necessary Cost f controls, it is easy TO 


the public out of eritically 


‘prosper’ 
Between 


hard 


essential water 


resources, 


these extremes the tough 


Cone 


choices. 


How Far? 


To sa) it costs too much to prevent 


excessive pollution is just plain non 
But 
understanding and a 


clear 


definition 


sense. there is needed a 


clear 
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of ‘‘excessive.’’ Obviously, pollution 
must be kept below the levels of sig- 
nificant health 
should be kept within bounds that do 
wildlife 
It is desirable to keep pollu 


personal damage. It 


not destroy recreational and 
values. 


tion within bounds which preserve the 


natural stream habitat. For every 
stream, each of these levels has its 
corresponding price tag—and it is 


the 
And present cost will 


that the cleaner and 


higher the cost. 


sure purer, 
move upward where there are ill-ad- 
vised, indiscriminate watershed devel 
opments. 

In other words, while there are limits 
to what can be accepted as technologi- 
there limits to 
will, 
vield to desirable but less than eritieal 


eal are also 


progress, 


how far such must, or 


progress 
aspirations. The difficulty always lies 
in identifying limits. Certainly these 
cannot be generalized ; necessarily they 
will vary, from area to area, and from 
the 
state of development and other realities 


stream to stream, depending on 
This emphasizes the need for develop 
ment of truly comprehensive water use 
basin by basin—with 


programs some 


means of assuring strict adherence to 
the agreed-upon plans and objectives 
With a few exceptions, this is not now 


in existence, 


Need for Reality 


Water pollution is an involved, com 
plex, 
issue It 


PCONOIMIE, technieal, 
he dealt 


of realities of the times 


and political 
with in terms 
Metropolitan 
advances are 
Volumes of 
the 
types and character of wastes are 


growth and technological 
predominant influences. 


waste spiral upward composite 
be 
coming more complex and more diffi- 
cult to handle. 


sage are inereasing at unprecedented 


Water needs and stream 


Average stream flows remain 


rates 


essentially constant. This is a vicious 


evele— more men and machines de 


manding more water to produce more 
pollution to degrade these same waters. 
remedial actions should be 


Specific 


is 
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: 
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based on specific CaSeS. Simple gen- 
eralizations are to be avoided, except as 
a reflection of the pollution image. 
Otherwise there are warped answers, 
unbalanced equations, and a great deal 
of frustration, 

For example, if runoff waters were 
uniformly spread throughout the 
streams of the Nation and if polluting 
wastes were similarly apportioned, 
there would be no major pollution 
problem and no major water use prob- 
lem. But this is not the situation. 

Today, while water pollution varies 
widely in different areas, it is being 
held) generally within livable limits. 
But there is a tough job ahead—and a 
continuing one. The annual rate of 
constructing municipal sewage treat- 
ment works has now about doubled 
over the 1950 to 1955 average. Much of 
this construction has been in congested 
areas such as the Ohio Valley, the 
Delaware Valley, and coastal tribu- 
taries. There are innumerable ex 
amples where sewage treatment works 
of recent vintage have improved the 
oxygen conditions below metropolitan 
centers and where bacterial pollution 
as measured by B. coli) has been not- 
ably reduced. This is real progress 
it literally has averted cesspool condi- 
tions in these areas. Industries, too, 
have done a great deal in an effort to 
keep up with the fantastic growth rate 
of production. But even as these ae 
tions are taken, the growth pattern 
continues 


Present and Future Needs 


In these times it is necessary to run 
faster and faster to stay in the same 
place. Annual construction should be 
*600 million—up 50 per cent over the 
current rate—to take care of the back- 
log, the increasing sewered population, 
and obsolescence. The latter will in- 
crease substantially the sixties. 
Assuming the industrial waste load as 
equal that of municipalities—and cer- 


tainly it is no less—this means a econ- 
struction rate of more than a billion 
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dollars per year on into the future. 
There is no substitute—it must be 
faced. 

Actually, is this situation substan- 
tially different from the growing needs 
for highways, for schools, for hospitals, 
and other public works? Isn't this the 
price range that should be expected in 
this accelerating technological society ? 
Should not the public be willing to 
bear the reasonable cost of municipal 
and industrial waste treatment, through 
some suitable mechanisms, as the price 
to preserve streams ? 

In many areas, the question of ‘‘will- 
ingness’’ becomes somewhat academice. 
More treatment will be essential to pro- 
tect drinking water and to preserve 
some semblance of wildlife and reerea- 
tional values. For deeades far too 
little of the publie works dollar has 
been apportioned for sewage treatment. 
There has been much argument about 
the pollution image, but much less done 
to balance the seales. 

Again, it must be kept in mind that 
present construction provides for par- 
tial treatment, a sort of ‘‘cosmetie’’ 
treatment to eliminate unsightliness— 
to reduce the more acute effect of pol- 
lution shock below points of discharge. 
By way of example, compare munici- 
pal pollutional discharges of 1960 with 
140. Sewered population is up 50 
per cent in 1960 over 1940 (from 70 
to 105 million), At present, 25 million 
discharge sewage with no treatment, 
compared with 30 million in 1940. A 
composite of the Nation’s sewage treat- 
ment plants (in 1940 and 1960) re- 
duces organic pollution by about 50 
per cent. Accordingly, in 1960 there 
is 30 per cent more organic pollution 
load on waters than in 1940. Pro- 
Jecting this simple arithmetie to 1980, 
at present trends, the organie pollu- 
tion load will be up another 55 per cent 
over 1960 or 100 per cent over 1940. 
Remember that this is just municipal 
waste, does not include industrial 
waste, nor do they inelude syntheties 
or radioactive waste. This example is 


vad 
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cited to emphasize that this discussion 
is not about eradicating pollution ; it is 
about confining it—limiting its impact 
on legitimate stream usage 


Summary 


In summary, at least five factors 
need to be underscored : 


1. There is less and less justification 
for any city or industry to discharge 
untreated sewage and waste to the 
waters of the United States, especially 
the inland waters. 

2. For most cities and industries, the 
treatment requirements will shade up 
ward from primary treatment (35 to 
50 per cent reduction in organie pol 
lution) to at least secondary treatment 
(75 to 90 per cent reduction in organic 
pollution 
terial pollution will become the rule 
in many areas. 

3. It is important to accelerate 
promptly the rate of constructing treat 
ment works to the level required to 


erase backlog and to keep up with 


Chlorination to reduce bae- 


crowing needs and obsolescence, 
4. A substantial program of research 
with three primary objectives is needed. 


(a) To assess the public health sig 
nificance of the growing array 
of new-type contaminants. 

b) 


To develop practical methods 
for measuring and for removing 
dissolved pollutants—for appli- 
cation where wastes have serious 
toxie potentials. 
(c) To develop practical supplemen 
tal treatment methods to stabi 
lize further the effluents from 
conventional treatment. This is 
for application in those areas 
where stream use justifies almost 
completely stabilized organic dis 


charges, 


5. Considering pollution from all 
sourees, there is real need to update the 
national system of monitoring streams. 
Actually this is the only practical way 
to maintain a check on existing condi- 


tions and trends in stream quality. 
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In these five items there is nothing 
inconsistent with formal positions taken 
by numerous national groups inter- 
ested in water pollution. Further, as 
to immediate treatment needs for spe- 
cific cities and industries, for the most 
part these have been set forth by re- 
sponsible state and interstate water 
pollution control agencies. 

The real problem is to gear-up im- 
plementing actions in phase with the 
swift moving trends of the times. <A 
creat deal is now being done, but eer- 
tainly not enough. Finaneing  ob- 
viously is the key, to provide resources 
for intelligent action by official agencies 
and to provide for constructing waste 
treatment works. The difficulty is to 
“catch up’’ with treatment needs; 
after that, to ‘‘keep up’’ should be less 
involved. 

On water pollution all have much in 
Water 


pollution control is now big business 


common and much at stake. 


it’s important business and it’s urgent 
business. On a tonnage basis, waste 
treatment is, by far, the biggest busi- 
ness in the United States. In far too 
many areas it has been a _ neglected 
business. The only way to control pol- 
lution is to treat wastes, and this costs 
lots of money. With few ex- 
ceptions, this money is not willingly 
spent. 


money 


Hence, public understanding is 
essential—and this must be backed up 
by effective regulatory controls. Just 
where the authorities are placed, the 
extent, and how they are applied, 
raise basie questions of publie policy. 
Methods of financing essential treat- 
ment works, of supporting necessary 
research and development, are also 
publhie policy issues 

Again, this points up the great need 
for publie understanding and _ public 
awareness. This is a challenge and an 
opportunity to speak out on the pollu- 
tion situation. The objective should be 
to alert, not alarm—to clarify, not 
confuse. As progress is made, Mr. 
Citizen should be kept in mind, because 
so much depends on what he thinks, 
and wants, and is willing to pay for. 
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VOLATILE ACID TOXICITY IN 
ANAEROBIC DIGESTION 


The volatile acids analysis has proven 
to be one of the most important control 
tests for anaerobic digestion, measuring 
the concentration of short chain fatty 
acids which are formed as intermediate 
products during the anaerobic break- 
down of complex organie matter. It is 
commonly recognized that an increase 
in the volatile acid concentration is one 
of the first signs of an upset digester 
and signals the need for control meas- 
ures long before a drop in pT and a 
‘stuck’? digester result. 

Although it is commonly agreed that 
a volatile acids buildup is the result of 
unbalanced digestion conditions, the 
actual effect of a high volatile acid 
concentration on the digestion process 
has been strongly debated. One rroup 
of investigators believes that high acid 
concentrations are the result of a low 
activity of the methane-produeing or- 
ganisms. They believe that volatile 
acids are toxie to these organisms only 
in an indirect manner through a redue- 
tion in pl, a condition which can be 
relieved by the addition of buffering 


materials such as lime. This view has 


Perry L. MeCarty is Assistant Professor of 
) Ey neering, and at the time this 
paper was prepared Ross Ek. MeKinney was 
{ssociate Professor of Sanitary Enainee ring, 
both at Massachusetts Institute of Technol 
oau, Cambridar Vass. Ross VcKinne yew 
ow Professor of Civil Engineering at the 
Vn ersityu of ha Sas, Lai rence, Kans, 

The paper was presented in full at the An 
nual Meeting, New York Sewage and In 
dustrial Wastes ASsn., Neu do k, Jan. 


29 7, 

This includes the portion on volatile acid 
foricity and a later paper will discuss salt 
orieity, 


» 
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recently been supported by the work 
of Cassell and Sawyer (1), Sawyer et 
al, (2), and Kaplovsky (3). The other 
group of investigators feels that a 
volatile acid concentration above about 
2,000 mg/l] causes a retardation of the 
methane-producers regardless of the 
pli maintained. Thus, they believe 
materials added to raise the pH are of 
no benefit and the toxie conditions ean 
be relieved only through a reduction 
in the organic load or by dilution. This 
view was presented by Buswell ef al. 
(4) and has been most recently sup- 
ported by the work of Schulze and 
Raju (5) and Mueller et al. (6 

Each side has presented substantial 
evidence to support its claim, but there 
has never been a sufficiently extensive 
study conducted to resolve the prob- 
lem. This is an important issue in 
digester control as only through a 
knowledge of the true effect of high 
volatile acid concentrations can effee- 
tive and practical measures be applied 
to meet these conditions suecessfully 
and economically. This study was 
undertaken to determine the funda- 
mental effect of volatile acids on meth- 
ane formation in anaerobie digestion 
and to resolve the apparent difference 
in the theories of the previous investi- 


vators, 


Theoretical Considerations 


The anaerobie digestion process has 
heen used most successfully in the past 
for the stabilization of sewage sludge. 
This sludge consists essentially of two 
portions, a solid portion composed of 
material settled in the clarification 


a 
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tanks, and a liquid portion containing 
materials actually in The 
concentration of materials in true solu 


solution 


tion is relatively low in the raw sludge 
charged to the digester, essentially no 
higher than contained in the sewage 
entering the treatment plant. These 
dissolved materials are the only ones 
capable of affecting the microorean 
isms, 

After the sludge is sent to the diges 
tion tanks, the organic materials, con 
tained mostly in the solid portion of 
the sludge, are slowly hydrolyzed and 
brought into solution by the bacteria 
and enzymes present in the digester 
Under normal conditions of operation, 
then 
broken down into volatile organie acids 
by a group of 
called the 
turn decomposed rapidly into carbon 


the organie matter is quickly 


bacteria, commonly 
‘acid formers,’’ and then in 
dioxide and methane by a second group 
of bacteria commonly ealled the ‘‘meth 
ane formers.’’ Beeause of this rapid 
decomposition, the quantity of organic 
matter actually in 
low. 
buildup of certain salts in solution such 


solution normally 


remains There is, however, a 
as ammonium, caleium, and magnesium 
bicarbonates resulting from the break 
Ina di 
vester these salts produce the natural 


down of proteins and soaps. 


buffers, which normally remain fairly 
constant at about 3.000 to 4.000 me 
as calcium carbonate 


When 


tions exist, 


unbalanced digestion eondi 
the methane producing or 
volatile 


i forn ed 
and consequently a buildup of the acids 


ganisms cannot remove the 


acids as quickly as they are 
results in solution. This buildup ean 
take place very rapidly, and in a day 
or two the total concentration of ma 
terials in solution can be more than 
doubled. To prevent a disastrous drop 
in pH 
alkaline materials such as lime or so 
dium hydroxide may be added for neu 
tralization. 
tend to greatly increase the concentra 


The 


from a large acid increase. 


These added materials also 


n solution, 


tion of materials 


JOURNAL WPCF 


Mareh 1961 


rapid inerease in volatile acids and 
subsequent neutralization with alkalies 
are very similar to a large slug load of 
volatile acid salts to the digester and 
the effects produced will be identical to 
this condition. 
Mueller et al. (6 


lovsky (3 7) 


and also Kap- 
have demonstrated that 
main 
volatile acids which build up in solu- 


under adverse conditions, the 
tion are acetic acid, propionic acid, and 
butyrie acid. This indieates that the 
organisms responsible for the degrada- 
tion of these compounds are perhaps 
the most environmental 


change and so are largely 


sensitive to 
responsible 
It is the effect of 
coneentrations on 


for digester upsets. 


high volatile acid 
this particular group of methane form- 


ers Which is of particular importance. 


Experimental Procedure 


This study was conducted by simu 
lating the effect on the 


vanisms of a rapid increase in the yola- 


methane or 
tile acid. acetie acid, and subsequent 
neutralization with sodium hydroxide 
field 
conditions. 


as might be performed in the 


under adverse digestion 
This was done by adding high concen 
trations of the volatile acid salt. so 
dium acetate, on a slue basis to a series 
of digesters containing an active popu- 
lation of acetate-utilizing methane or 
vanisms and observing the effect of this 
addition on the rate of acetate utiliza 
tion. For comparative purposes, slug 
loadings of other sodium salts—sodium 
chloride, sodium bicarbonate. and so 


dium sulfate—were also studied. 

The digesters for slue feeding con 
sisted of a series of one-liter bottles as 
illustrated in Figure 1 


Was connected to a gas collection tube 


Each digester 


containing an acidified saturated salt 


solution. Feedings to these digesters 


were made through a 
tube at the top of the digester, using a 


pipette. 


anaerobicalls 
The digesters were operated 
in a digestion room at a temperature of 
3) Digested sludge from the 
Nut Island primary treatment plant, 


of 
3g 
4 
: 
4 


FEEO TUBE 
wiTHORAWAL 
TUBE 
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COLLECTION | 
TuBE 
ONE LITER 
ASPIRATOR | DIGESTER 
BOTTLE 


FIGURE 1.—Schematic diagram of 
batch-fed digester. 


Massachusetts, for 


seed after suitable preparation and ae- 


Boston, was used 
climation to an acetie acid substrate. 
the 


consisted of passing the sludge through 


Preparation of sewage sludge 
a 16-mesh aluminum sereen and dilut- 
ing one part of the screened sludge to 
two parts of Cambridge tap 
thin, uniform 
in composition, and low in initial salt 
concentration 
the 


viven in 


water, 
thus making the sludge 


A typieal analysis of 
after this preparation is 
Table [. The buffering ca- 
pacity, or ability of the sludge to re- 


sludge 


sist a drop in pl, was then increased 
by the addition of sufficient sodium bi- 
carbonate to increase the alkalinity to 
500 $500 This 

then acclimated 
| of acetic acid in a 19-1 di- 
vestion unit Operated on a 30-day de- 


hetween and me |. 
prepared sludge was 


to 2 /day 


tention time and equipped for continu- 
ous feeding of the acetic acid and with 
recirculation 
trated in 


illus- 
2. During the ae 
¢limation period of about three weeks, 


for mixing as 


vas 


Figure 


the acetic acid concentration was slowly 
inereased in the 633-ml daily feed until 
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the acid was being utilized at a rate of 
2 g/day/| for a period of at least 5 
days. This rate was determined from 
gas production and volatile acids anal- 


Vses, 


Just prior to a slug feeding study, 


the empty one-liter digesters were 
purged to replace all the air with di- 
gestion gas from the acclimation di- 


Three-fourths liter of the ae- 
¢climated sludge was then transferred 


vester. 


anaerobically to each digestion unit. 
Initial analyses for gas composition, 
pH, and volatile acid 
were then made on 
from each unit. 


concentration 
samples drawn 


Slug feedings were then made, con- 
sisting of 100 ml of distilled water con- 
taining the desired salts, making a final 
total volume in each digester of 809 ml. 
Gas production was measured every 3 
hr for the first 15 hr after feeding and 
as often after that as appeared neces- 
sary. <All gas produced was analyzed 
methane. At 
the end of each slug feeding study the 


for carbon dioxide and 


sludge in each unit was analyzed for 
pli, volatile acids, alkalinity, organic 
and ammonia nitrogen, and total and 
volatile solids. These analyses were 
also performed on the acclimated sludge 
at time of transfer. 

The rate of acetate utilization was 
based on gas production and analysis, 
and volatile acids analysis. Buswell 
(1) has shown that the decomposition 
of one acid results in 
the production of essentially one mole 
dioxide 
methane as follows: 


mole of acetic 


of carbon and one mole of 


CH,.COOH C( do CH,. ) 


When sodium acetate is added, how- 


ever, the sodium remaining from the 


TABLE I.—Typical Analysis of Prepared 
Digested Sludge Seed 


Amount 
Alkalinity (mg/1 1.360 
‘Total solids (per cent 1.14 
Volatile solids (per cent 56.7 
Organic nitrogen (mg, | 152 
Ammonia nitrogen (mg/| 200 
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TABLE II.—Rate of Acetate Utilization and was found that the actual production 
Sludge pH for Sodium Acetate Feed 


of methane checked within a few per 
cent of this value. Identical slue feed- 


Utilization ings Of acetate salts to six one-liter 
Na | Sludge digesters indicated that the rates of 
Feed (mg/l as | acetate utilization based on gas pro 
Initial duction were reproducible within about 
Bate 1 DD nitiel | Final two per cent. This procedure was fol- 
— lowed throughout the study. 
2,000 | 2.90 | 2.90 | 7.40 | 7.85 
| 2.3 2.30 
4,000 | 2.30 | 2.3 1 | 7.00 | 8. Results 
4,000 0.53 | 0.70 3 (.00 | 8.20 
10,000 0.350) | 0.54 6 7.90 | 8.15 Slug Feeding with Sodium Acetate 
12,000 | O15 | 0.34 7 | 7.50 | 8.05 
16,000 | 0.13 | 0.19 | 12 | 7.50 | 7.86 Six digesters were fed sodium acetate 
in concentrations from 2,000 to 16,000 


mg | as acetie acid to determine the 
decomposition of the acetate combines effect of 


with water and the carbon dioxide 
produced to form sodium bicarbonaté 


increasing concentrations of 


sodium acetate on its rate of decom 


position. The acetic acid concentration 


as follows: 


in the acclimated sludee was almost 


CH.COONa + H.O > 1000) me/] prior to feedine so the 
CH Nalco actual coneentrations after feeding 

t+ Na 
vere about 1,000 me/l higher than 


Thus, the decomposition of one mole that fed. The results of the slue feed 


of sodium acetate results essentially in ing, illustrated in Fieure 3, show that 


the production of one mole of methane, as the concentration of acetate fed was 


or in other terms, the decomposition of increased above 2.000 me l, the rate 
1 gram of acetate as acetic acid results of its utilization decreased. This de- 
in the produe tion of 418 ml of methane crease was noticeable with only 4,000 


gas at 30°C and standard pressure. It me/1 of acetate and was very marked 


GAS PUMP FEEO PUMP 
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FIGURE 2.—Schematic diagram of continuous-fed digester. 
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ACETATE UTILIZED - 


T T T 7 T T = 
CONCENTRATIONS 
IN mg/l AS 


l 


with 7,000 mg/l. A comparison of the 


utiliza- 
indicated that 
amount of 


maximum rates of 


Table I 


a slight 


initial and 


tion listed in 


with time aeclima- 


tion to the toxic effeet of high sodium 


acetate concentration took place. 


The rapid decrease in rate of acetate 
utilization at the end of about 20 hr 
with 2,000 mg/1 after about 2 
days with 4,000 me | of feed indicated 


and 


the complete utilization of the acetate. 


The study was stopped at the end of 
the 12th day although utilization was 
still place in all systems 
with acetate concentrations above 4,000 
mg/l. The pH during the run re- 
mained high in all units as shown in 
Table Il and at the end of the run was 
vreatest in the digesters with the most 
total acetate utilization and therefore 


taking 


TIME IN DAYS 


FIGURE 3.—Effect of sodium acetate on acetate utilization. 


6 8 10 


bicarbonate 
This run definitely in- 
dicated that a rapid increase in the 


the highest sodium 


concentration. 


with 


concentration of volatile acids and sub- 
sequent neutralization with sodium hy- 


droxide would the 


hinder methane- 


TABLE III. Sodium Chloride Feed; Rate 
of Acetate Utilization and Sludge pH 


Rate of A 

Utilizat 

pil 
NaCl Add 
Initia 

Ra Da Initia Final 
0 1.95 1.05 | 4.20 7.05 
1,860 0.68 O80 730 | 7.70 
7,800 | 0.28 | 0.36 | 7.30 | 7:70 
W750 O16 0.27 730! 7.70 
13,600 O08 0.27 10 730 | 7.90 
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FIGURE 4.—Effect of sodium chloride on acetate utilization. 


Whether this toxic 
effect was due to the volatile acid anion 
portion of the sodium acetate salt, or 
whether 
the salt was mostly responsible, could 
not be 
alone. 


forming organisms. 


the sodium eation portion of 


determined from this study 


Slug Feeding with Sodium Chloride 


This slug feeding was conducted to 
determine the effect of the neutral salt, 
sodium ¢hloride, on the rate of acetate 
utilization. 
study was 2,000 mg 1 of sodium ace 
tate. 
and sodium ehloride was added to four 


The substrate used in this 
One digester served as a control 
units in increasing coneentra 
tions from 4,860 to 13,600 me |. The 
results of this study are shown graphi- 
cally in Figure 4. 


other 


Here again, as with 
slug feeding of sodium acetate, the rate 


of acetate utilization decreased mark 
edly with increase in the salt coneen 
tration. Table II] there 
was some acclimation to the high salt 


shows that 


coneentration, especially in the systems 
fed 13,600 me 1 of salt. Thus, the ef 
fect of a with 
chloride was very 


slug feeding sodium 


similar to that ob- 
tained with sodium acetate. 


Slug Feeding with Sodium Bicarbonate 


In this run the effect of high econ 


centrations of sodium bicarbonate on 
studied. Bi 


natural buffer in 


acetate utilization was 
carbonate forms the 
digesters, higher concentrations serv- 
ing to maintain higher pI values and 
offering greater resistance to pI drop 
due to an inerease in acid eoneentra- 
tion. A substrate consisting of 2,000 


mg/l of sodium acetate as acetie acid 
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The sodium biear- 


bonate was added on a slug basis to 


again used. 


Was 


six digesters in concentrations ranging 
from 0 to 16,800 me/1I. 
this run are shown in 
results, 


The results of 
Figure 5. The 
very similar to 
feeding sodium 
chloride. There 
units 
with sodium bicarbonate concentration 


again, were 


those obtained from 


acetate and sodium 


was some acclimation in. all 


greater than 2,620 mg/l except with 


the highest concentration of 16,800 
mg las shown in Table LV. 
Slug Feeding with Various Sodium 


Salts 
The 
that high concen- 
tration was detrimental to the methane- 


preceding three showed 


although a 


runs 
acetate 


producing organisms even at pH values 
than 7.0, the same effect 
also produced by two other common 


greater Was 


sodium salts. It was then desired to 
determine if this toxie action was per- 
haps largely due to the cation portion 
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TABLE IV.--Sodium Bicarbonate Feed; 
Rate of Acetate Utilization 
and Sludge pH 


Rate of Acetats 
Utilization 
| day 


Sludge 
Added 
maz Maxin 
Initial 
Rate Day Initial Final 
0 2.00 2.00 7.50 7.80 
1580 O92 7.50 | 7.85 
6,550 O56 O56 2 7.350 7.0 
10,500 O16) 0.30 7.35 | 8.00 
13,100 O.13 | 7.30 8.00 
16,800 0.12 l 7.35 | 8.05 


O.12 


of the salt, rather than the anion por- 
tion. To study this, several different 
sodium salts were added to digesters, 
while sodium 
The 


salts used were sodium acetate, sodium 


maintaining the same 


concentration in each divester. 


chloride, sodium bicarbonate, and so- 
The substrate was 2,000 
me | of sodium acetate as aecetie acid. 


dium sulfate. 


FEED: 


g/l 


J 
2 
& 
° 


= 


ACETATE UTILIZED 


re) 1 


2000 ACETATE 


\6 


0 2 4 


6 8 10 12 
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FIGURE 5.—Effect of sodium bicarbonate on acetate utilization. 
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CONCENTRATIONS IN mg/I AS ACETIC ACID: 
4000 mg/i SODIUM SALT 

2000 mg/l ACETATE 


gl 


° 


CONTROL 


ACETATE UTILIZED - 


l 


NaHCO; 


0 4 8 


TIME 


16 
IN DAYS 


FIGURE 6.—Effect of various sodium salts on acetate utilization. 


One digester served as a control and 
each salt was added in concentrations 
of 4,000 mg/l and 10,000 mg/l as acetic 
acid to different digesters. 

The results of this run are shown in 
Figure 6. In all 10,000 
mg/l of the sodium salts, there was no 
acetate utilization, indicating the units 
had completely died from this high salt 
concentration. The data that 
4,000 mg/l of the various was 
quite toxic. 
dium chloride 
in toxicity, while the 
somewhat more toxic, and 
the most toxic. 
of the rates of acetate utilization given 


units fed 


show 
salts 
and so 


Sodium acetate 


were almost identical 
bicarbonate 
the sulfate 


However, a comparison 


Was 


in Table V 


toxie effects of the four salts compared 


indicates that the relative 
with the rate of utilization in the con 
trol similar and there 
very little difference in effect from the 
four different anions. The main toxic 
effect, therefore, appeared 


were very Was 


associated 


with the sodium eation. 


Nitrogen Studies 


Analyses were made of the sludge 
before and after slug feeding with the 
various salts to determine the changes 
which took place in the organie and 
ammonia nitrogen concentrations. If 
the added salts were non-toxic, the or- 
would and multiply, 


gvanisms crow 
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TABLE V.-Addition of 4,000 mg/1 of Various 
Sodium Salts; Rate of Acetate 
Utilization and Sludge pH 


Rate of Acetats 
Utilization 


day 


Sludge pHi 
Sodium Salt 
Added 
Maximur 
Initial 
Rate Day Initial Final 
Control 2 O4 204 O00 7.50 
NaAc O.10 | O52 6.90 | 8.10 
NaCl O10 O34 6.90 | 7.65 
NaHCO O.00 0.20 14 | O00 7.80 
0.00 | O28 | 14 | 6.00 | 7.60 


taking In ammonia nitrogen and eon- 
verting it into organic nitrogen in the 
form of cellular protoplasm. On the 
other hand, if the salts were 
toxic, the organisms would die, and the 
organic nitrogen contained in the eell 
would be the system as 
ammonia nitrogen through cell lysis. 


added 


released To 


Thus, an increase in organic nitrogen 
and decrease in ammonia nitrogen in- 
dieated bacterial 
toxic 


synthesis and 
while the opposite 
change indicated cell death and toxic 
conditions. 


hon- 
conditions, 


the nitrogen forms 
with the various slug additions of so- 
dium chloride are listed in Table VI. 
Theoretically, a decrease in ammonia 
nitrogen be bal- 
anced by an equivalent increase in the 


The changes in 


concentration should 
These 
data show this to be within experimen- 
tal error. In general, the higher the 


organic nitrogen concentration, 


salt coneentration, the greater the 
TABLE VI. Changes in Nitrogen Forms 
From NaCl Additions 
Change in Nitrogen Forms 
NaCl Adade 
NH -N Organic-N 
mgt me 1) 
0 6 14 
1,680 16 15 
7.800 12 11 
750 is 15 
13,600 23 ld 
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death of the organisms as indicated by 
inceasing and de- 
concentra- 


nitrogen 
nitrogen 


ammonia 
creasing organic 
tion. 

The similarity in the toxic effeet of 
the four sodium salts added in a econ- 
centration of 4,000 mg/l as acetie acid 
is indicated by the nitrogen changes 
listed in Table VII. Here the changes 
in the nitrogen forms were very simi- 
lar and indicative of strongly toxie 
conditions compared to the non-toxic 
conditions in the control. 


TABLE VII.—-Changes in Nitrogen Forms 
From Additions of 4,000 mg 1 of 
Various Sodium Salts 


Change in Nitrogen Forms 


Organice-N 

mg, |) mg 1) 
Control 4 10 
NaAc | 38 28 
NaCl 30 -30 
NaHCO 10 
NaoSO, 30 -32 

| 


Discussion of Results 


Under normal conditions of digester 
operation, the concentration of mate- 
rials actually in solution is relatively 
low. When unbalanced digestion con- 
ditions exist, the soluble organie mate- 
rial is not removed from solution as 
quickly as it is formed and a buildup of 
this material results, usually in the 
forin of the low molecular weight fatty 
acids, or volatile acids. It is com- 
mouly believed by many that these 
volatile acids are toxie to the methane 
organisms in concentrations above 2,000 
to 6,000 mg/l, independent of pH. 

From this investigation a different 
theory of toxicity can be presented. 
The decreased activity of methane bae- 
teria often observed following a rapid 
increase in volatile acids is not due to 
‘volatile acid’’ toxicity, but is associ- 
ated in a more general way with ‘‘salt’’ 
toxicity. This is an important differ- 


| 
| 
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ence as salt toxicity, which has been 
extensively studied in the biological 
field, is dependent mainly on the type 
and concentration of the cation of the 
volatile acid salt, while volatile acid 
toxicity is associated with the anion 
portion. Thus, based on the ‘‘salt’’ 
toxicity concept, relatively high vola- 
tile acid concentrations can be tolerated 
provided they are neutralized with 
alkaline materials containing a cation 
of low toxicity. This salt toxicity 
theory is supported by the fact that 
four different sodium salts, including 
sodium acetate, all exhibited essentially 
the same toxie effect at the same sodium 
concentration, 
of the anion. 

Based on this salt effect, the toxicity 
often found in 
plained. Many 
can cause an 


relatively independent 


digestion ean be ex- 
different 


unbalance 


conditions 
between the 
acid-forming and the methane-forming 
populations, such as change in tem 
perature, change in organic loading, or 
addition of some toxic substance 
these unbalanced 
acids may be 


Under 
volatile 
faster than 
they can be destroyed, thus increasing 
their concentration in solution. If this 


conditions, 
produced 


increase exceeds the buffering capacity 
of the digester, the pH will drop and 
the 


Increase. 


hydrogen ion concentration will 
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known to be 
one of the most toxie cations to biologi 
cal systems and ean be removed by the 
addition of an alkaline material, which 
in effect 
with 


The hydrogen ion is 


replaces the hydrogen ion 
cation. If the eation 
used to replace the hydrogen ion is also 
toxic, however, then conditions will not 
be improved, even at the higher pH. 
This is essentially the condition which 
would result if sodium hydroxide was 
used for neutralizing the acids, since 
sodium is relatively toxie even at low 
concentrations 


another 


when added on a slug 


basis. 


Conclusions 


1. The decreased activity of methane 


bacteria often observed following a 
rapid inerease in volatile acid concen- 
tration and subsequent neutralization 
is not due to ‘‘volatile acid’’ toxicity, 
but is associated in a more general way 
with ‘‘salt”’ 

2. Salt toxicity is associated for the 


most part with the type and concentra- 


toxicity. 


tion of the eation portion of alkaline 
materials used for neutralization of the 
acids. 

4. Sodium salts are relatively toxie 
to methane bacteria when added on a 


slug basis therefore 


and sodium hy- 
droxide is a poor material to use for 
neutralization of excess volatile acids. 
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BIOLOGICAL OXIDATION OF SEVERAL 
VINYL COMPOUNDS 


The rapid growth of the organie 
chemical industry during recent years 
has resulted in a sharp increase in the 
quantity of synthetic organic chemicals 
Wastes and in receiv- 
Many of these synthetic 
chemicals, unknown outside the research 


present in many 
ing streams. 


laboratory a few years ago, now are 
widely used and distributed. Conse- 
quently, these chemicals enter the 
streams of the nation in one way or 


another and may be present at a point 


of downstream water use. Numerous 
organie substances are now being found 
in domestic water supplies. 

Which 


tained in industrial wastes discharged 


Organic chemicals are con- 
to streams may be classed into two gen- 


eral groups: (a) those rapidly de- 


stroyed in streams and (b) those which 
travel a long distance or persist almost 
indefinitely. Because biochemical oxi- 
dation may create serious problems in 
a stream, tests which assess biological 
oxygen requirements of the chemicals 
have a practical meaning for the first 
group. Tlowever, potential damage to 
the 
be determined by such 
many 


a stream by chemicals of second 


type cannot 
analyses. In important inland 
waters, progressive deterioration in the 
quality of water has occurred without 
serious oxygen depletion. A chemieal 
pollutant which persists in a flowing 


stream is at least as important as one 
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Colo. Don Blooddood is of Sani 
tary Engineering at Purdue. 


University, now 1s 
Servic nm 


Professor 
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that undergoes rapid biochemical oxi- 
dation. The stream little or no 
self-purification capacity to eliminate 
the resistant pollutants. With an easily 
oxidized pollutant, use can be made of 
the assimilative capacity of streams and 
these chemicals are generally of con- 
sequence only in terms of dissolved 
oxygen depletion. 


has 


There have been a number of reports 
coneerning wastes containing organic 
compounds which are resistant to bio- 
logical breakdown. there is 
a dearth of information on the possi- 
bility of vinyl monomers being resistant 
to biological oxidation if these com- 
pounds were discharged to a stream. 


Hlowever, 


Therefore, to assist in filling these gaps, 
it was decided to investigate the bio- 
chemical oxidation characteristics of 
several vinyl compounds to determine 
their behavior in dilute solutions. 


Apparatus and Procedure 


An experimental apparatus was con- 
structed with 
could be made to determine the oxida- 
tion of the compounds to be studied. 
The apparatus, illustrated in Figure 1, 
was designed to supply carbon dioxide- 


which measurements 


free air to an oxidation chamber and 
to absorb any carbon dioxide in the air 
leaving the oxidation system. Any 
carbon dioxide in the air leaving the 
was attributed to the break- 
down of organie material contained in 
the oxidation chamber. The principles 
of this apparatus were not new, as 


system 


similar systems were used in previous 
work by Porges ef al. (1), and by 
Ludzack and Kinkead (2). 
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SEPARATORY 
FUNNEL FOR 
SAMPLING 


>K CLAMP 


LONG RUBBER TUBE 


AIR SODA- SODIUM BARIUM 
INLET LIME HYDROXIDE HYDROXIDE 
GAS GAS GAS 
ABSORBER ABSORBER ABSORBER 


Compressed air entered the earbon 
dioxide absorption section of the ap 
paratus and was adjusted for proper 
flow rate by means of a screw clamp, 
before passing through a tube contain 
ing soda-lime where the carbon dioxide 
was removed from the air. A mereury 
manometer was attached to the air inlet 
line prior to the soda-lime tube in order 
to show any erratic pressure changes 
in the The leaving the 
soda-lime tube was next passed through 


system. air 
two gas absorption bottles in series 
The first bottle 25-per 
cent sodium hydroxide solution whieh 
serubbed out from the 


contained a 


alr any carbon 


dioxide not removed in the soda lime 
tube. The second eas absorption bot 
tle contained approximately 50 
barium hydroxide solution. The bar 


ium hydroxide acted as an indicator of 
any carbon dioxide in thi 
the 
hydroxide. 


air leaving 
sodium 
Any COs entering the bar- 
ium hydroxide scrubber would be con 
verted to white 
precipitate. The presence of this whit 
precipitate would the 


absorber which contained 


barium carbonate, a 


indicate need 


for changing the chemicals in the ear 
bon dioxide absorption section. 

Air leaving the initial carbon dioxide 
absorption section of the apparatus was 
split into three equal portions, with 
portion 


each going to five-gallon 


WASHER 
BARIUM HYDROXIDE 
GAS ABSORBERS 


FIGURE 1.—Laboratory oxidation apparatus. 


OXIDATION 
CHAMBER 


Air flow rate 
was adjusted to about one bubble per 


carboy. to each ecarboy 
second by means of 
the line 
entered the bottle 
extending to the and 
moved near the top. All three earboys 
contained 16 | of seeded BOD dilution 
water. 


a screw clamp on 
the Air 
through a glass tube 


leading to carboy. 


bottom was re- 


llowever. two of the carboys 
The 


third chamber was used as a control. 


also contained a vinyl] compound, 


A separatory funnel was connected to 


each oxidation bottle and was used to 


siphon out a sample of the solution 
when necessary without breaking the 
seal on the system. The separatory 
funnel was held lower than the liquid 
level of the bottle and the siphoning 


action was started with a rubber sue 
tion bulb. 

The air leaving each of the carboys 
Was passed through a separate earbon 


Each 
small bottles in 


dioxide absorption system. SYS 
tem consisted of three 
series with 50 ml of barium hydroxide 
bottle. rubber 
the inlet 
bottles in order to 


solution in every 
fitted 


tube in each of the 


washer was on vlass 
force the bubbles to travel around the 
effect 
tention of the air bubbles risine to the 
surface of the solution 

At the beginning of each test run. 


fresh barium hydroxide was added to 


washer and hence maximum re 
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all three absorption bottles. At the 
same time, 50 ml of the barium hy- 
droxide solution was separately ti- 
trated with astandardized hydrochloric 
acid solution the initial 
strength. On each subsequent day, the 
bottle of the three in series was 
titrated with the acid. The reduetion 
in barium hydroxide strength could 
then be related to the carbon dioxide 
absorbed. attributed 
to the test chemical was determined by 
subtracting any CO. produced by the 
that from the 
carboy containing the chemical. 

Only the first of the three bottles was 
removed each day 
most all of the 


to determine 


first 


Carbon dioxide 


control from obtained 


for titration as al- 
carbon dioxide was re- 
this bottle. After the titra- 
tion, fresh barium hydroxide was added 
and the bottle was placed in the third 
position of the series while the other 
two bottles were moved up one posi- 
Each bottle Was refilled 
the alkaline solution, 


moved in 


tion. 
with 


time a 
a separate 
50-ml portion of the same solution was 
titrated so that the 
would be known 


initial streneth 

Compounds to be tested were mixed 
with standard BOD dilution water and, 
when desired, a settled domestie sew- 


age seed The studies were earried 
out at SO°F in a dark The 


absence of light prevented any growth 


room. 


of algae which could interfere with the 
tests 
Experimental Results 
Five vinyl compounds were used to 


determine whether typical vinyl mon 


omers would be completely oxidized 
under aerobie 


ould he 


oxidation of 


biologically conditions. 
obtained on the 
the chemieal 
measured is 


Information ¢ 
complet 
the 
an end 


dioxide 
prodnet ot 
pounds tested 


since carbon 
oxidation. Com- 
included acrvlie acid, 
methaerylie acid, vinyl acetate, methy] 
methacrylate, 


and dextrose. 


In all cases the coneentration of chemi- 


stvrene, 


cal used was approximately 10 mg /I. 
Initially, a 


dextrose solution was 
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tested in order to obtain information 
on the oxidation characteristics of a 
compound known to be easily oxidized. 
During a 36-day period, 83 per cent of 
the total theoretical carbon dioxide was 
recovered. The earbon dioxide not re- 
covered was attributed to the use of 
the carbon for the formation of bae- 
terial cell protoplasm in the solution. 
Three runs were made with solutions 
containing aerylie acid. The first two 
When 
from 
the second test decreased to a relatively 
low value, additional acrylic acid was 
added to the carboy and this eonsti- 
tuted the third run. No additional 
seed was added to the third oxidation 
unit, as the acclimatized bacterial pop- 
lation remaining from the second run 


runs were seeded with sewage. 
the carbon dioxide production 


was considered adequate. Similarly, 
made with methacrylic 
acid, vinyl acetate, and methyl meth- 
acrylate. Generally, dioxide 
production began on the first or see- 
ond day. The COs production rate 
reached a peak between the third and 
fifth day and then gradualfy dimin- 
ished. When methyl methacrylate was 
seeded with sewage, a lag was experi- 


studies were 


carbon 


enced as no carbon dioxide was formed 
until the third or fourth day. This 
lag was not apparent when additional 
methyl methacrylate was added to a 
solution that had been in the oxidation 
unit for 19 days. <Acclimatized organ- 
doubt, present in the 
Results of the carbon di- 
xide production for all test runs are 
included in Table T. 


Styrene behaved 


ists were, no 


latter case, 


quite differently 
from the other vinyl compounds tested, 
Unlike the other compounds which dis- 
solved fairly rapidly, styrene formed a 
film on the surface of the solution and 
very little seemed to dissolve. Much 
of the styrene apparently volatilized 
while the solution being mixed. 
Only about 10 per cent of the theo- 
retical CO. was recovered during the 
In an effort to determine 
the effects of mixing on the styrene, 


was 


test period, 
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TABLE I.—-Summary of Experimental Results 


Test Duration CO> Production 
days “> of theoretical 


Material Tested Seed 
Dextrose Sewage 36 83 
Acrylic acid, Run | Sewage 71 

Run 2 Sewage ( 70 
J Run 3 Acclimatize 
Methaerylic acid, Run | Sewage 
Run 2 Sewage 
4 tun 3 Acclimatize 
Vinyl acetate, Run | Sewage 
Run 2 Sewage 
J Run 3 Acclimatize 
Methyl methacrylate, Run | Sewage 
Run 2 
Run 3 Acclimatize 
Styrene, Run | Sewage 
Run: Sewage 
Run: Sewage 
Run Sewuge 
Run : sewage 


Runs 4 and 5 were made. With Run 4, Original feed materials or their im 
the solution was agitated violently after mediate derivatives were not detectable. 
the styrene was added while the solu 
tion was gently swirled for Run 5. As 
shown in Table I, recovery of CO, in None of the five vinyl compounds 
Run 4+ was only 6 per cent, while 23 tested appeared to be completely re 
per cent was recovered in Run 5. sistant to biological oxidation. Carbon 


Discussion 


Infrared analyses were made of the dioxide. the complete oxidation end 
sample extracts after several weeks of product, was obtained in varying quan 
oxidation, for one run of each of the tities from oxidation systems contain 
five vinyl compounds. In all cases the ing each of these monomers. 
infrared curves appeared character- If any of the compounds studied 
istic of metabolic or cell materials. were contained in an industrial waste 
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FIGURE 2.—Per cent of theoretical recovery of CO. vs. time for compounds tested. 
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FIGURE 


to a 
stream, it is expected that microorgan- 


and discharged 


cont inuously 


isms which are acclimatized to the com- 
pound would be present in the waters 
downstream from this industry. There- 
fore, a comparison was made of the re 
sults for the runs with aerylic acid, 


methaerylic acid, vinyl acetate, and 
methyl methaerylate when an acelima- 
tized seed was present at the start. 


The dextrose test and the fifth run of 
the styrene studies, where an attempt 


was made to minimize initial volatiliza- 


tion, were included for comparison. 


This comparison is illustrated in Fig- 
ure 2. 

Since a portion of the was 
the 


floated on the water surface, it was be- 


styrene 


insoluble in dilution water and 


lieved that this insoluble styrene vola- 


tilized and was carried off by the air 


passing through the oxidation unit be- 
the chemical to 
oxidize. The cent of 


theoretical carbon dioxide for the sty- 


fore had a chanee 


cumulative per 


rene was relatively small since the CO. 
produced during the run probably re- 
sulted only from the material in solu- 
the theoretical di- 
oxide was based on the total styrene 


tion while carbon 


used. 


z 

° 

2 9 
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METHYL 

METHACRYLATE 

= 60 
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ACETATE 


60 
VAPOR PRESSURE IN MM OF MERCURY 


3.—Per cent of theoretical CO, recovery vs. vapor pressure of vinyl 
compounds at 80°F. 


70 80 90 100 ite) 120 


The per cent of theoretical carbon 
dioxide obtained, during the run with 
the initial acclimatized seed, for meth- 
aerylie acid, acrylic acid, methyl meth- 
acrylate, and vinyl acetate, was com- 
pared with the vapor pressure of each 
of these compounds at the operating 
temperature of 80°F. This informa- 
tion is illustrated in Figure 3. 

The data that lower carbon 
dioxide yields were obtained as thie 
vapor pressure of the compound tested 
increased, agreement with 
the theory that soluble materials vola- 


show 


This is in 


tilize more readily as the vapor pres- 
sure and tends to confirm 
the belief that part of the unaccounted 
for vinyl compounds volatilized dur- 
ing the runs. 


increases, 


Consumption of barium hydroxide 
in the absorbers due to volatilized vinyl 
acids was considered. Hlowever, 
of that have 
taken place was probably very small, 
otherwise the equivalent carbon dioxide 
production would have been much less 
than that actually obtained. 


any 


volatilization acid may 


Conclusions 

1. An available apparatus can be 
used which is capable of determining 
the carbon dioxide resulting from the 
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biological oxidation of 
pounds, 

2. In the biological oxidation of dex- 
trose, styrene, acrylic acid, methacrylic 
acid, vinyl acetate, or methyl metha- 
crylate, it appears that a part of the 
compound tested is used to form cell 
protoplasm. 

3. Acrylic acid and methacrylic acid 
are as easily oxidized biologically as 
dextrose. 


organic com- 


4. It is necessary to develop an ae 
climatized seed before the biological 
oxidation of methyl methacrylate will 
take place. 

5. The dioxide production 
from the biological oxidation of aerylic 
acid, methacrylic acid, vinyl acetate, 
and methyl methacrylate partially de 
pends on the vapor pressure of the 
compounds. 
the soluble compounds increases, there 
is more of a tendency for volatilization 
with the result that a smaller amount 
of the compound is available for bio 
logical oxidation. 

6. Styrene is partially insoluble at a 
concentration of 10 mg/l. The insolu- 
ble styrene film which is formed on a 
water surface tends to volatilize rapidly 


carbon 


As the vapor pressure of 


with the result that this portion of the 


styrene is not available for biological 
oxidation. 
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7. After several weeks in the oxida- 
ton apparatus, a portion of the aerylie 
acid, methaerylie acid, vinyl acetate, 
methyl 
oxidized to carbon dioxide and all of 


methacrylate, and styrene is 


the remaining chemical is believed to 


be either volatilized or converted into 
cell protoplasm. 

8. Infrared analyses of samples of 
aerylic acid, methacrylic acid, vinyl 
acetate, and 


methyl methacrylate, 


styrene solutions after several weeks 
in the oxidation 
no identifiable 


produets. 


apparatus revealed 


intermediate oxidation 


Acknowledgment 


Appreciation is extended to F. J. 
Ludzack of the Robert A. Taft Sani 
tary Engineering Center, Cineinnati, 
Ohio, for performing infrared analyses 
on several samples and interpreting the 
results. 


References 


N., Jasewiez, L.. 
‘*Measurement of ¢ 


l. Porges, and Hoover, S. R., 
irbon Dioxide Evo 
lution from Aerated Sludge.’’ 
and Industrial Wastes, 24, 9, 
Sept. 1952). 


Sewade 


109] 


Kinkead, D., ‘‘ Per 
Polluted 


Conditions.’’ 


2. Ludzack, F. L., and 
sistenes of Oily Wastes in 
Ind. Eng. Chem., 48, 2, 


"63 (1956). 


MEETINGS OF INTEREST 


21-30 
Society, 1155 16th St.. 
30-31 
ton, Tex. J. 


American Chemical Society, 
N. W., Washington 6, D. C. 


Louis. Mo American Chemical 


Industrial Water and Waste Conference, Rice University, Hous 
P. W old. P.O. Box 9633. Houston. Tex . OF 


Pro 


fessor A. W. Busch, Rice University, Houston, Tex 


Sewage Works Short Course, South Dakota State College, Brook 


ings, S. Dak 


Tenth Southern Municipal and Industrial Waste Conference, 


Duke University, Durham, N. C 
Dept. of Civil Engineering, 


American Society of Civil Engineers, 


Ariz. W. H 


Phoenix. 


York 18 


Wisely, ASCE, 33 


Professor Edward If. Bryan, 
Duke University, Durham, N. C. 

Hotel Westward 
West 39th St., 


Ho, 


tg 
| 
thoy 
4 
| 
; 
a: 
Ra! > 
ar 
Mar 
3 we 
Mar. 
Apr. 
3 
Apr. 10-14 


ALGAE AS A SOURCE OF OXYGEN IN 
WASTE TREATMENT 


A. F. Bartsch 


As far back as human history goes, 
microscopic algae have served mankind 
by their ability to capture solar energy 
through photosynthesis and send it 
along varied pathways and through 
several trophic levels to a valuable 
terminus as consumable aquatic prod- 
Algae 


unnoticed 


ucts. have functioned largely 
the total 


anic decomposition in surface water. 


in scheme of or- 


Only recently has there been much in- 
quiry about how microseopie algae can 
be put to use for the greater benefit of 
mankind in waste treatment and other 

Although familiar 
subjects for photosynthesis and 


ways. as labora- 
tors 
other plant physiological studies, algae 
have received intense and serious study 
largely since the start of World War 
II. Studies have been pointed toward 
growing them as a harvestable crop, 
better of them in waste 
treatment, and—more recently—pro- 
food and acceptable environ- 
the of the 


making use 
viding 


ment for astronaut near 
future. 

Recent studies of stabilization ponds 
for and 


some industrial wastes have improved 


treating municipal sewage 
the understanding of where and how 
fit the treatment 
Such studies, coupled with basie knowl- 
edge originating in a broader investiga- 
tive program on algae, form the back- 


aleae into process. 


1. F. Bartsch is Assistant Chief of the Re 
earch Branch. Division of Water Supply and 


Pollution Control at the U. S. Publie Health 
Service’s Robert A. Taft Sanitary Engineer 
na Center in Cincinnati, Ohio. 

The paper was presented at the 187th Meet- 
na of the imerican Chemical Society in 


Cleveland, Ohio, Apr. 5 
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eround against which algae can now 
viewed a source of oxygen in 
waste treatment. 


be as 


Trickling Filters 

Algae normally present in trickling 
filter growth are shown in cross section 
in Figure 1. They are responsible for 
the dark green color seen on the upper 
the year. Al- 
though the organism population may 
vary in detail one filter to an- 
other, in the grosser aspects it is con- 
sistent, regardless of geography (1). 
The luxuriant algal population is an 
indication that the environ- 
ment favorable and fosters algal 
growth. While this is to be expected 
in view of feed composition, it is natu- 
ral to wonder about the contribution 
such algae make to waste stabilization. 


stones during much o 


from 


obvious 


Is 


Some algae are able to use organic 
substances directly energy and 
growth and join other organisms in 


for 


digestion and oxidation processes (2). 
Whether this accomplishment is sub- 
stantial in relation to similar activities 
of the other biota is not known. More 
commonly considered is the by-product 
oxygen from algal processes and the 
uses to which it can be put in waste 
treatment. 

Nevertheless, the available literature 
sheds little light on the oxygenating 
abilities of algae in the trickling filter, 
thus implying that it is insignificant. 
Records of diurnal variation in filter 
performance are scanty, but it is doubt- 
ful if they would reflect algal effect 
distinguishable from variations in sew- 
age strength and volume. It is pos- 
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FIGURE 1.—Cross section of growth on stone in a trickling filter (From 
Cooke and Hirsch—Ref. 4). 


sible, however, to estimate crudely the 
daily oxygen production by algae. In 
recent studies of trickling filter popu 
lations by Cooke (3) and Cooke and 
Hirsch (4), algal density is given as 
number of cells or cell clumps per unit 
area of growth on glass sampling slides 
Density varies appreciably at differ 
ent times of year, but values of 20 mil 
lion cells or cell clumps per square 
centimeter for high-rate filters and 5 
million for standard-rate filters are 
frequent. If the effective diameter of 
cells and cell clumps is 30», 20 million 
sq em would have a volume of 0.282 ce. 
On. this basis, there would be 5.58 
10° ee of cell material on a 165-ft di 
ameter filter such as that at Dayton, 
Ohio. It is also assumed that crevices 
and irregularities of the surface media 
increase by 50 per cent the illuminated 
filter area coated with algae. Thus, 
the inhabited area of the filter would 
support a total algal cell volume of 
8.37 10° ce. 

Ryther (5), Ryther and Yentsch 
(6), and Verduin (7) reported on ob 
served rates of photosynthesis in algae 
and other plants under optimal, near- 
natural conditions. The value used 
here as a crude approximation is 0.5p 
mole Og evolved per microliter of algae 
per hour at optimal light (7). At this 
rate, 8.37 x 10° liters of cell material 
would vield about 133.9 10° Oo/hr 
(or about 294 Ib/hr) at maximum 


rate. Based on the data of Ryther (8) 


and MeConnell and Sigler (9) it is as- 
sumed that the average rate over the 


12 daylight hours is in the neighbor- 


hood of 50 per cent of maximum, giv- 
ing a gross yield of 1,764 Ib/day of O. 
Also, from Krauss (10) and Ryther 

11) algal respiration is assumed to 
take about 5 to 10 per cent of produe 
tion so as to provide a net yield of 
1588 to 1,676 lb oxygen 

The Dayton sewage treatment plant 
has 20 trickling filters. The one sam 
pled receives a daily load of 75,060 Ib 
D-day, 20°C BOD and decreases this 
amount by 63,248 Ib. This requires 
63,248 Ib oxygen from all sources if 
the filter is to remain aerobie. If one 
half the load were to be applied during 
the 12 daylight hours when aleae are 
illuminated, oxygen from this source 
would equal only 5 per cent or less of 
the need. 

Properly functioning filters that are 
covered with sunshading materials. and 
others that seem to lack an appreciable 
algal population, suggest that oxygen 
produced by algae not only is not re- 
quired but has little value. It even 
seems likely that under present filter 
design much of such oxygen escapes to 
the atmosphere and contributes little 
to the filter funetion Even so, there 
is a temptation to wonder whether a 
potentially valuable oxygen resource 
might not be developed and used to ad 
vantage through appropriate design 
modification. 
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Waste Stabilization Ponds 


There is general agreement that 
algae are a valuable, necessary, and 
perhaps principal source of oxygen in 
waste stabilization ponds. Suecessful 
pond operation depends on bacterial 
decomposition of waste organics, oe- 
curring principally under aerobic con- 
ditions, dependent on oxygen produced 
by algae that utilize some of the de- 
composition products. At waste load- 
ings generally used, oxygen of algal 
origin Is necessary if aerobic processes 
are to be preserved even during day 
light hours 

Involvement of algae in pond treat- 
ment of sewage stems from their spon- 
taneous appearance a few days after 
a new facility is placed in operation. 
As the algae grow, they produce a 
population many times more dense 
than those found in’ natural, unen- 
riched waters and in trickling filters. 
The algae are strikingly similar in 
stabilization ponds, wherever they may 
he (12), and attempts to influence the 
species characteristics of the popula- 
tion through inoculation or in’ other 
Ways are not appreciably effective. 

In addition to the limited direct 
utilization of organic matter by algae, 
their ability to vield oxygen at a rate 
of about 1.6 Ib/lb of algae grown is 
their principal value. To obtain large 
quantities of oxygen, it Is necessary 
to produce large quantities of algae. 
Experimental studies by Gotaas ef al. 

13) show that algal yields in sewage 
on an aere basis can be very high as 
compared with crops grown on agricul- 
tural land. At detention periods of 
one to two days, for example, yields 
were obtained of 22.5 to 35.6 tons/yr/ 
acre at depths ranging from 2 to 12 in. 

If harvesting a crop of algae is con- 
templated as a terminal step in the 
waste treatment process, the more 
algae produced, the better. On the 
other hand, if the algae are not to be 
reclaimed but will leave the pond en- 
vironment as a component of the ef- 
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fluent, provision of photosynthetic oxy- 
ven entails some notable disadvantages. 
In either case, in the interest of getting 
all the oxygen needed, producing as 
much algae as possible often becomes 
an urgent goal. It appears necessary 
to resolve how this ean be accomplished 
to outline the factors that influence 
algal photosynthesis. 

The success of algae in a pond de- 
pends on an interacting complex of en- 
vironmental conditions. Algal growth 
will be limited by whatever nutrient is 
present in minimum quantity, or by 
any physical conditions that are less 
than optimal. Increasing the suita- 
bility of one limiting factor in a com- 
bination soon makes another factor the 
limiting one, whether solar energy, 
density of algae, nutrients, or tempera- 
ture. 


Light 


Under natural conditions the energy 
that drives the photosynthetic mecha- 
nism is solar radiation absorbed by the 
photosensitive green pigment, chloro- 
phyll. Important considerations of 
light are quality, intensity, and dura- 
tion. At present, there is no general 
agreement concerning the fine details 
of energy use, but Krauss (10) re- 
ported 20- to 25-per cent efficiency in 
long-term experiments with solar radi- 
ation. This is the most conservative 
and useful estimate now available. 
Laboratory and pilot-scale experiments 
by Oswald et al. (14) with Chlorella 
and Scenedesmus grown in sewage 
showed an energy use of 3.68 cal/mg 
oxygen evolved. Further studies in- 
dicated an energy conversion seldom 
exceeding 10 to 12 per cent of available 
light energy. 

It is obvious that oxygen yield might 
be increased if a greater intensity of 
light were available. Within limits, 
photosynthetic rate is directly propor- 
tional to the intensity of the light. 
Phillips and Myers (15) reported that 
at about 24 ft-e the rate of oxygen pro- 
duetion in Chlorella is equal only to 


nie 
Vol. 33, No. 3 
: 


JOURNAL 


WPCF Mareh 1961 


| 


RELATIVE DEPTH 
 RESPIRATION 


INTENSITY 


LIGHT 


RELATIVE PHOTOS 
FIGURE 2.—Relative photosynthesis 


8 10 
YNTHESIS 


from surface to depth of penetra- 


tion of one per cent of surface light (From Ryther—Ref. 8). 


the rate of oxygen use. As intensity 
increases, photosynthesis increases pro 
portionately until the saturation point 
is reached at about 400 to 600 ft-e. 
Beyond this point the rate remains 
constant until such high light inten 
sities are reached that they inhibit 
photosynthesis. Such inhibition can 
be expected somewhere between 1,000 
and 4,000 ft-e. 

Of the sunlight that falls on the sur 
face of a stabilization pond, part is re 
flected away and does not enter the 


water. Principally because of algae 
and other particulate matter, light that 
enters is absorbed rapidly and does 
not penetrate to depths as great as 
those noted for most bodies of water. 
Bartsch and Allum (16) reported that 
in Dakota waste stabilization ponds, 99 
per cent of the light was absorbed in 
the upper 50 to 70 em Table | 

Within this layer, oxygen production 
by algae can be expected to equal or 


exceed their consumption of oxygen. 
Light and dark bottle tests showed that, 
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at the depth where 0.5 per cent of sur- 
face light intensity occurred, oxygen 
production was insufficient to meet the 
respiratory demand of the total bio- 
logieal system. 

Because of the pattern of light ex- 
tinction in a stabilization pond, the 
pond. content can be viewed as a verti- 
cal column consisting of three layers. 
In the upper layer, where the light in- 
tensity exceeds about 600 ft-c, there is 
more energy than the algal population 
ean use effectively. In a shallow layer 
only about 10 em thick, light is near 
optimum. This layer 
greater or 


may occur at 
lesser depths as sunshine 
Often algae 
will concentrate in this layer, but cir- 
culation by wind and convection cur- 


increases or decreases. 


rents usually moves the algae at inter- 
vals into and out of the light. At in- 
creasing depths, de- 
creases logarithmically along with fur- 
ther extinetion of light. These rela- 
tionships are shown diagrammatically 
in Figure 2, 


photosy nthesis 


which is modified from 


one used by Ryther (8) to show simi- 


lar conditions in the ocean. 


Algal Density 


The amount of 
stabilization 


grown in a 
pond is important for 
With a vield of about 
1.6 lb of oxygen for each pound of 


algae 
several reasons. 
algae grown, the standing crop is in- 


TABLE I.--Approximate Depth in Centimeters 
at Which Indicated Light Remains in 
Dakota Bodies of Water 
Summer 1955 


~ } 
0 per cent) per cent) Extinetion 
f Surface |of Surface Coeff 
Indiv ated Ligh t ment 
Kadoka, 8. Dak 14.0 
Wall, 8. Dak 17.8 41.4 
Lemmon, 8. Dak 3.0 69.9 5.9 
Maddock, N. Dak 25.4 58.4 70 
Wishek, N. Dak 16.5 4 10.8 
Kadoka, 8. Dak 
Pothole 2.55 
Murdo Lake 
Dak 1,015 7,162 0.58 
* Extinction coefficient k in equation J/J e kt 


with | expressed in meters. 
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TABLE II. Chlorophyll Concentrations 
Source Concentration 
Dakota stabiliza- 
tion ponds 0.08 to 7.32 
Stabilization ponds 
(Lebanon, Ohio, 1960) 0.184 to 0.328 
Murdo Lake, 8. Dak. 0.0004 to 0.0002 
N.W. Atlantic Ocean* 0.001 — to 0.002 


East Sound, Wash.* 


Woods Hole Harbor* 


0.015 to 
0.00169 to 0.00335 


* Data from Ryther and Yentseh (6). 


diecative of past accomplishment in 
providing oxygen. Density of the 
population also determines the total 
amount of chlorophyll present which, 
because of its great affinity for light, 
serves as the principal sereen in ab- 
sorbing light entering at the water sur- 
face. Stabilization ponds have chloro- 
phyll concentrations far exceeding 
those of more typical surface waters 
that have been studied. Data for some 
of them are shown in Table II taken 
in part from Ryther and Yentsch (6). 
Because of this, they are able to con- 
centrate in a very shallow, economically 
provided layer, the same photosyn- 
thetic activity that would require a 
depth of up to several hundred feet in 
the ocean. 

Although chlorophyll is not an in- 
fallible indicator of photosynthesis, it 
is possible to use this value to estimate 
the approximate oxygen yield to be 
expected. Using a value of 0.22” mole 
evolved/hr/pg chlorophyll under 
optimal light reported by Verduin (7), 
the estimated oxygen production rate 
for a stabilization pond at Lemmon, 
South Dakota, with 0.46 mg/l chloro- 
phyll is 3.2 mg/l/hr. This compares 
favorably with a measured light and 
dark bottle rate of 2.9 mg/l/hr. Simi- 
lar agreement of calculated and meas- 
ured rates of production have been ob- 
tained for marine areas by Ryther and 
Yentsch (6) where the rate of produc- 
tion per volume is many times less. 
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Temperature 


Stabilization ponds ure scattered in 
all climatic areas of the country and 
are subjected to a wide annual range 
of temperatures. In the northern 
plains region, seasonal pond tempera- 
tures range from 0°C to 33°C. The 
full influence of temperature on sta- 
bilization pond algae is not known. 
Growth of Chlorella, and perhaps of 
many other algae, usually reaches a 
maximum between 25°C and 30°C, a 
commonly prevailing open water tem- 
perature in ponds. Strains of Chlo- 
rella that fare exceptionally well at 
39°C have been reported by Burlew 
(17). They have also been studied by 
Burk et al. (18). 

Apart from the influence of tempera- 
ture on 
there are 
also. 


growth, 
effects 
slows 


photosynthesis and 
important 
Decreasing 


indirect 
temperature 
down the rate of biochemical degrada- 
tion of organic matter, with the result 
that decomposition products suitable 
as aleal nutrients are less abundant. 
Concurrently, the whole complex of 
approaching winter conditions com 
monly induces a thinning out of the 
algal population in the pond fluid. In 
part, this results from die-off of some 
algae, but many others seem to settle 
alive but dormant on the bottom. In 
this condition they not only are not 
effectively producing oxygen but are 
exerting a demand for the 
respiration and algal decay. 


needs of 


In areas where appreciable ice cover 
oceurs, the prospect of effective photo 
synthesis is unfavorable. In seven 
ponds studied, ice cover ranged from 
26 to 66 em thick (16 Such ice com- 
monly was capable of reducing the sur- 
face light from an initial level of about 
1,400 ft-e to a value of about 28 ft-e, 
less than the intensity at which oxygen 
production meets respiratory use. Then 
the non-functional algae 
oxygen-hunery liability, and anaerobic 
conditions frequently prevail under 
ice. Where thick ice cover is of long 


become an 
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TABLE III. Selected Algal Nutrients 
in Sewage* 
Concentration 
mg, 
Nitrogen 50 
NH 7- 40 
NO; 
NO 0.: 
Organic 3- 42 
Carbon 176 
Soluble phosphorus 13 
Potassium 3— 44 


* From Fitzgerald and Rohlich—Ref. 19. 
duration, aerobic conditions cannot be 


preserved even by reducing the rate 


of waste loading. 
Nutrients 


Sewage contains appreciable amounts 
of the nutrients necessary for growth 
( Table 


Especially noteworthy are nitrog- 


of dense populations of algae 
EET); 
enous compounds, carbon, phosphorus, 
and potassium. Through the activities 
of the algae, the nutrients are removed 
from solution and concentrated in the 
algal cells. Fitzgerald Rohlich 
(19) stated that nitrogen 
may be reduced up to 90 per 


and 
ammonia 
cent ; 
phosphorus, 96 per cent; and potas- 


sium, to 20 per cent, leaving the pond 
in the effluent. 
When the nutrient levels have been re- 
duced to a point where scarcity of one 


as components of algae 


rate of 
vrowth is decreased drastically. Be 


element becomes limiting, the 


cause of its limited occurrence in sew 
identified as the 
this 


carbon has been 


age, 
element most apt to function in 
way. 

On several occasions in South Dakota 
ponds at Lemmon and Kadoka the rate 
of photosynthesis at midmorning, as 
determined by light and dark bottles 
using pond samples, was about 50 per 
cent greater than at midday, in spite 
of the increasing light intensity. Al- 
though several factors may be jointly 
responsible, rapid depletion of avail- 
able CO. from the level accumulated 
during nighttime 
peared the most likely cause. 


decomposition ap- 
From 


4 
ara 
ag 
A 
* 
. 
t 
: 
+3 
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studies with Huglena by (iotaas ef al. 

20) which could produce a yield of 
1,550 Ib dry algae per million gallons 
of sewage per day, it was estimated that 
if sufficient carbon were supplied to 
permit complete use of the available 
nitrogen, a yield of 3,300 lb would be 
possible. In any event, yield of algae 
per unit area can be increased by using 
higher waste loadings until impaired 
light penetration becomes a limiting 
factor. 


nhanee nt of Ou ygen Production 


Two philosophies emerge on the ques- 
tion of enhancing oxygen production 
One correlate in 
pond design the interrelated factors of 
depth, detention period, available solar 
radiation, BOD loading so as to 
level of treatment 
efficiency. It has already been shown 
by Oswald ef al. (14) that high ef- 
ficieney in light energy utilization can 


by algae. seeks to 


and 


attain a maximum 


be attained at detention periods of 
three to five days with BOD loadings 
of 225 Ib/day acre or Attain- 


be especially 


more, 


ing such efficieney may 


advantageous where harvesting of al- 


gae is contemplated, where land is ex- 
pensive, and where ¢lose, competent 
The other 


philosophy sees great advantage in the 


pond supers ision is possible. 


simplicity and dependability of ponds 
with low BOD loadings of 20 to 50 Tb 
day acre and long detention time of 
100 days or more where this is possible 
because land values are relatively low. 

Although enhancing oxygen produe- 
tion to high level not be 


advantageous under all circumstances, 


some thay 
a number of approaches suggest them- 
selves. One obvious possibility is to 
grow more algae to make more oxygen, 
and this can be influenced by inereas- 
ing nutrient availability through heav- 
ier waste 


loadings. Either cropping 


the algae in some way or shortening 
the detention time to some appropriate 
value in reference to the reproduction 


time of the algae should keep them in 
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PHOTOSYNTHETIC 
OXYGEN PRODUCTION 


DAYLIGHT > 


ALL RESPIRATORY 
OXYGEN USE (BOD) 


ATMOSPHERIC 
OXYGEN EXCHANGE 


DISSOLVED OXYGEN 


DO SATURATION 
RE AERATION 


CONCENTRATION 
RESULTANT 
OXYGEN 
CONCENTRATION 
00 SATURATION 
12 3 6 9 N 3 6 9 ‘2 
aM PM 


FIGURE 3.—Schematic diagram of the 
dynamics of dissolved oxygen gain and loss 
in a stabilization pond (From Odum—Ref. 
aa}. 


a vigorous growth phase with active 
chlorophyll. 

Another approach is to adjust depth 
in relation to both density of the algal 
population and to solar radiation so 
that extinction of light is complete at 
or just above the pond bottom. If such 
adjustment could be made, all of the 
light energy would be put to the photo- 
synthetic task of producing oxygen at 
a rate of about 3.7 cal/mg. However, 
attempting to maintain control as deli- 
cate as this in the face of fluctuating 
light and algal density would require 
such constant attention by costly skilled 
technicians as to make the approach 
impractical. 

Induced vertical circulation may 
benefit oxygen production by moving 
algal cells alternately into bright sun- 
light near the surface and into dark- 
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TEMPERATURE, °C 


CHLOROPHYLL" A" 


(mg/l x4) 
BOTTOM 


1™Nn | 


6) 20 40 60 


80 100 120 


DEPTH IN CENTIMETERS 


FIGURE 4.—Vertical variations in water quality in a stabilization pond 
(From Bartsch and Allum—Ref. 16). 


near the bottom. It has been 
known for some time that light 
required continuously but only for ini- 
tial activation or excitation of the pho- 
tosynthetic process (10 Studies of 
Chlorella pure noidosa showed the dark 
time should be ten times the flash time 
for efficient use of light (17 Under 
idealized conditions of high turbulence 
at full increase 1D 
evolution is calculated to reach seven- 
fold. 


oceurs naturally if 


hess 


is not 


sunshine, oxygen 
To some extent, such circulation 
the pond is suf- 
ficiently large and exposed to frequent 
winds. Where 
eould be induced mechanically by 
pumping. The value of 
agitation is yet to be demonstrated, 
but presumably the gain would be very 
much less than sevenfold. 

Use of electric lighting has been sug 
gested for continuing photosynthesis 


circulation 


necessary, 


mechanical 


during the night. 
examination of the 
seems likely that the 
omy and simplicity of the stabilization 
pond would be lost 


Krom preliminary 
involved, it 
attractive econ- 


eosts 


Enhancement of Oxygen Utilization 


Oxygen levels in stabilization ponds 
follow a familiar daily pattern of mid 
day highs lows. At 
BOD loadings commonly used, the oxy 


and nighttime 
gen highs may reach 30 mg/l or more 
still, the total 

sufficient to 


between noon and 6 pM; 


respiratory rate may be 
during 


Beeause of the unfortunate 


deplete the oxygen 
the night. 
circumstances of rapid photosynthesis 
during the day, none at night, and a 
continuous demand, the 
available oxygen is not and perhaps 
cannot be used efficiently. The prob- 


lem is illustrated in Figure 3. 


resourees 


respiratory 
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Another question arises as to how 
to prevent oxygen to the at- 
mosphere during illuminated periods 
so that it can be used to prevent serious 
oxygen night. One 
likely possibility is to induce vertical 


loss of 


depressious at 


circulation which will provide uniform 
distribution in differential 
production of oxygen in relation to 
depth. natural cir 
culation, such differences become pro- 
Figure 4. An- 


aerobic conditions prevail at and near 


spite ot 
In the absence of 
nounced, as shown in 


the bottom, there is an oxygen surplus 
near the surface, and the oxygen stores 
available at sundown commonly are 
not sufficient to meet respiratory de- 
the night. If surplus 
oxygen could be offered to the oxygen- 


mands during 


deficient deeper water, either by bring 
ing the bottom water to the top or the 
top water to the bottom, algae could 
be made a source of 


more effective 


oxygen. 


Disadvantages of Algae as a Source of 
Oxrygen 


In comparison with oxygen sources 
in conventional waste treatment, algae 
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leave much to be desired. Their 
sponse to a complex changing environ- 
ment usually is unpredictable. Critical 
environmental factors are solar radia- 
tion, opacity of the medium, rate of 
bacterial activity, rise or fall of nu- 


trients, temperature, season, ice cover, 
ecological succession, and others per- 
Still 
over- 
for 


haps even less well understood. 
other disadvantages 
looked in the current 
using stabilization ponds. 


are often 


enthusiasm 


One disadvantage, at least in ponds 
with long detention, is that algae re- 
spond so well to the nutrients in sew- 
age that oxygen required for respira- 
tion of the resultant algal mass alone 
far the BOD of 
This may be compared with a 


SUrpasses incoming 
sewage. 
machine that uses 95 per cent of the 
product just to keep the wheels turn- 
ing. Pond data that show this appear 
Here 
the biological system grown on sewage 
had an oxygen use rate of 0.7 g/hr, 


diagrammatically in Figure 5. 


sq m, Whereas only 0.04 g/hr sq m was 
needed to stabilize the sewage. This 
situation undoubtedly could be im- 
proved by shortening detention time, 


SEWAGE 
DEMAND 


= 


DO — g/hr/sq m 


PHOTO. PROD. ” 


8 10 


1 


TOTAL RESP. 
DEMAND 


16 18 20 22 24 


TIME OF DAY 
FIGURE 5.—Oxygen relationships in a typical stabilization pond (From 


Bartsch and Allum—Ref. 16). 
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cropping the algae, or by 
procedure that would 


any other 


curtail algal 
respiration. 

The goal of waste treatment is effec 
tive separation from water of the vari 
ous substances added to it during use. 
In these stabilization ponds the original 
sewage organics are replaced by a simi- 
lar quantity in the more stable form 
of living algae. As they 
persist in the final product, the job 
of treatment is not really complete. 
Sooner or later, in the pond or in some 
receiving stream, oxygen must be sup- 


long as 


plied for decomposition of the algal 
this ordinarily can 


be tolerated in streams because of the 


mass. However, 
way algae respond to the new environ 


ment. As they are swept along down 


stream, some of them continue to con- 
tribute oxygen through photosynthesis ; 
others die off in such pattern that algal 
respiration is replaced only gradually 
by the more rapid use of oxygen as the 


algae decay. As a consequence, it 
would be expected that the influence of 
such would re- 
flected principally as greater extremes 
in the diurnal oxygen pattern. 

The fact that algae 
some time also gives them potentialities 


algae on streams 


may persist for 


for causing taste, odor, and other treat 
ment problems in water supplies. In 
some places the green color imparted 
to the water has been objectionable 
Although BOD reduction is 


accepted as a measure of treatinent ef 


usually 


ficiency, this relationship is almost 
when it involves algae 
laden effluent samples. With the stand 
ard BOD test, and its 5-day incubation 
in the dark, the sample will give an 
unduly high 


respiration, death, and decay. 


meaningless 


algal 
Such 


value because of 


response can be demonstrated in the 


laboratory and has been observed re- 
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peatedly in natural waters (22) (25 
4) 

lumination results in low or even nega 
tive BOD. 
natural lighting is more instructive but 


Incubation with continuous il 


Exposure to intermittent 


does not measure effluent strength on 
the same terms as raw sewage strength. 
These deficiencies of the BOD test have 
not yet been remedied. 

Still other problems arise where al- 
wae are to be harvested as a_ crop. 
Among them are mechanical and eco- 
nomic complications in separating the 
crop from the medium ; these are under 
study. In addition, 
form crop is desired, both quality and 
quantity unpredictably from 


day to day. More knowledge is needed 


although a 
change 


On basie alval ecology before effective 
crop control can be practiced. 

These, then, are some of the factors 
to be 


source ot 


considered in using algae as a 


oxygen in waste treatment. 


They contribute little to the funetion 
of trickling filters but are necessary in 
stabilization The 


theoretical questions of advantage and 


ponds. somewhat 


disadvantage raised here relative to 


their function in such ponds are not 
intended to discourage their use. To 


the contrary, such facilities are now 
serving several hundred American mu 
nicipalities a wholly acceptable 
manner. 
will 


time 


It seems likely now that algae 


serve in this capacity for some 


to come, and for this reason there 
is pressing need to understand their 
them more ef 


real value and to use 


fectively. 
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USE OF ELECTROPHORETIC SERUM 
SEPARATION IN FISH STUDIES 


Masaru Fujiya 


In recent years the paper electro- 
phoretic method of blood serum separa- 
tion was developed for use in the clini 
eal diagnosis of human ailments. In 
the fisheries’ research field, this method 
has been applied occasionally to physi 
ological experiment. But in research 
work on water pollution, the method 
has not yet been used. 

Believing that application of th 
technique might lead to a way of esti 
mating the effects on fish of low con 
centrations of program of 
Restated, the ob 
jective was to find a means of detecting 


Wastes, a 


study was executed 


incipient toxication now escaping de- 
tection by general bio-assay methods. 


Method 


Almost all particles under the in 


fluence of external voltage will migrate 


to the electrodes according to their elec 


trical properties. If the materials dis 


solved or suspended in any ionic solu 
tion are made to migrate in this way, 
the different constituents will travel 


different distances Therefore, it is 
possible to detect individual constitu 
ents from some mixtures 


The 


makes use of this phi nomenon ; if has 


maper electro yhoretie method 
pay 


been applied to several research fields 


and called, variously, paper electro 
migration, paper ionophoresis, and 
ionography. 

Masaru Fujiya is Biologist at the Inland 
Sea Regional Fisheries Research Laboratory 


Ujina, Hiroshima, Japai 


Apparatus 

The 
parts, the power source and the cham 
The power source should be able 
to supply continuously a direct cur 


apparatus is made from two 


ber. 


rent stabilized for its output power at 
from 0 to 500 y. Although many kinds 
of power-source apparatuses are avail 
able commercially, the one used here 
was laboratory-made. It is a simple 
structure, but satisfactory enough for 
the separation of fish serum. 

The separating operation should be 
done under fixed conditions, especially 
with respect to and hu 
The 


these conditions is to perform the sepa 


temperature 


midity. best way of satisfying 
ration in a elosed chamber with a little 
water. 

The chamber shown in Figure 1 was 
used for this experiment. 


eould be 


Three op 


erations carried on at the 


same time. Electrodes such as plati 
num, silver, and carbon can be tried 
and the most suitable one for the sam 
ple should be chosen When. silver 


chloride is used as an el etroly te, better 
results can be expected if a silver elec 
other hand, dif 


ferent kinds of butfer solutions may be 


trode is used On the 


needed with other electrode systems 

In the separation of fish 
Veronal 
results. This is prepared 
by adding 10.30 @ of Veronal-Na (so 
dium diethyl barbiturate), 1.54 ¢ of 
Veronal (diethyl barbiturate and 
diluting to 1,000 ml with distilled water 


solution pH, 8.6; 


and samples 


serum, the buffer solution 


vives 


ionie strength, 0.05 
To detect the pattern of migration, 
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57 cm 


TOP 


glass cover 


Paper 


4 
paper holder ‘ 


SIDE 


power source 


electrode 


agar bridge 


electrolyte 


a dye is used since the serum of fish 
is colorless and transparent. A BPB 
solution was used here, and prepared 
as follows: add 0.05 g of bromphenol 
blue, 1.0 g¢ of mereurie chloride, 2 ml 
of acetic acid, and dilute to 100 ml. 


Operation 


The paper is arranged in the cham- 
ber and 0.02 ml of sample is placed on 
it, then the voltage is applied. In 


OPERATING SKETCH 
FIGURE 1.—Electrophoresis cell. 


general, the impressed voltage is closely 
related to the results of separation. 
When the operation is made under a 
strong current, there may be some nega- 
tive effects, one being the generation of 


heat which has a harmful 
protein such as serum. 


effect on 
Accordingly, 


the current should be chosen carefully. 
For fish serum, a current of 0.5 ma /em 
of paper width for 5 hr is satisfactory. 
Exeellent results can be obtained with 
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a Whatman No. 1 filter paper 4 em 
wide using a current of 2.0 ma 


Pre paration of Serum Sample 


Serum is obtained from the blood 
collected from the amputated anal part 
of the fish. The blood after standing 
ina glass dish divides into two parts, 
the serum and the clot. The serum is 
collected and centrifuged to insure the 


absence of clots. 
Comparison of Electrophoretic Pattern 


A pattern dyed in BPB solution is 
detected as spots of yellow color. It is 
washed with 2 per cent acetic acid to 
eliminate the excessive dyeing solution 
on the paper and then exposed to am 
monia vapors to change the yellow 
color to blue. Following this, the paper 
is coated with paraffin. The migra 
tion distance and density of the pat 
terns are illustrated graphically after 
measuring them with a densitometer 
The graph is called the paper electro 
phoretie curve and its shape indicates 
physiological conditions. Sometimes 
the curves can be compared with the 
naked eye if there are great differences 
between them. 


Fishe s Studied 


Serum from the following fishes 
(nine marine and one carp) obtained 
from fishermen’s boats were studied 
here: 

Pagrosomus major Temminck 
and Schlegel 

Nparus swinhomis (Gunther 
Sebastodes inermis (Cuvier and 
Valenciennes 

Acanthogobius flavimanus (Tem 
minek and Schlegel 
Platycephalus indicus Linne 
Astroconger myriaster Bre- 
voort). 

S pheroide rubripe s (Temminck 
and Sehlege] 

Raja kenojei (Muller and 

Henle 

Cynias manazo (Bleeker), and 


Cyprinus carpro (Linne 
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ffect of Raising Fish Without Feed 


ing 


Krequently, in bio-assay work, it is 
necessary to expose fish to toxie sub- 
stances for long periods. In these ex- 
periments, an evaluation of the effects 
of aquaria breeding and malnutrition 
was considered necessary if the addi- 
tional effects of toxic substances were 


to he discerned Thus. the objective 
] 


was to record the range of electro 
phoretie curves under normal labora 
Tory conditions. 

Several fish of A waste) 
sp. were used for this experiment 
They were raised in an aquarium of 
running water without feeding for 77 
days. A few were removed and sacri 
ficed after the 9th, 33rd, 63rd, and 77th 
days. During the experiment, the fish 
were not fed In general, fish used 
in the later experiments would have 
been fed: therefore, results with fish 
raised without feeding would doubt 
less be a more conservative baseline 
from which to assess effeets of toxic 
materials 

Results 


Comparison of Blectrophoret Curves 


Ny veral Fishe 


The electrophoretic curves for sey 
eral kinds of fishes are shown in Figure 
2. The pattern of normal fish serum 
is divided into four spots on the paper, 
thus the four peaks for each curve 
Generally, normal human serum also 
has four peaks on the paper electro 
phoretie curve, named: Albumine, 
globulin, B-globulin, and y-globulin. In 
the comparison of human serum with 
fish serum there is disagreement. Some 
say it is unreasonable to compare the 
curves directly, but others hold that 
both curves might show approximately 
the same material. 

The fish used in this experiment 
were divided into two races from a 
point of taxonomy—Elasmobranchii 
and Teleostomi. Through the results 
shown in Figure 2, a capital difference 
between them was observed. The paper 
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FIGURE 2.—Electrophoretic curves for 
several fishes: (1) Pagrosomus major: (2) 
Sebastodes inermis; (3) Sparus swinhomis; (4) 
Acanthogobius flavimanus; (5) Platycephalus 


indicus; (6) Astroconger myriaster; (7) Sphe- 
roides rubripes; (8) Raja kenojei; (9) Cynias 
manazo; and (10) Cyprinus carpio. 


electrophoretic curves of Elasmobranch 
serum have a peak at the cathode side 
of the paper, but all peaks of Teleost 


changes of A. myriaster raised without feed- 
ing: (1) control; (2) after 9 days; (3) after 
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side. Al- 
though there are some differences in 
the shapes of the Teleost curves, they 
seem to be approximately the same, 
especially the migration distance of 
the peak. At 
these 


serum exist at the anode 


any rate, comparing 
with serums 
from fish exposed to toxic materials 


eurves curves for 
seems to be a valid way of measuring 
deleterious effects. 


E fhects of Raising Fish Without Feed- 
ing 


The result of this experiment on sev- 
eral fish of the species A. myriaster is 
shown in Figure 3. In the figure, there 
is nothing unusual in the shape of 
curves until the 63rd day, when the 
peaks shifted. Inasmuch as the ex- 
periments probably would cover a pe- 


weeks, and 


riod no longer than eight 


1 
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FIGURE 3.—Electrophoretic curve 


33 days; (4) after 63 days; (5) after 77 days. 
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that the fish would be fed, it was con- TABLE I. Effect of Copper on Carp 


eluded that divergences from control 
curves would indicate changes due to 
exposure to the toxic material. 


Effects of Industrial Waste and 
Chemicals 
Test fish were exposed in water con 
tainine several chemicals and wastes. 
The results are explained below: 


1. Copper sulfite Carp, 20 em long, 
were exposed to waters containing 
copper in the concentrations of 0.1, 0.2. 0.5. 1.0. and 2.0 me/ for 24 hr. 
The electrophoretic curve for each con- 
centration is shown in Figure 4, and 
other observations are recorded in 
Table I. Th, values of copper to carp 
have been reported by many persons 
and show a wide range. So compli- 
eated is the relationship between the 
resistance of fish and toxicity of cop 
per that it is nearly impossible to adapt 
the results of other studies to this ex- 
periment. Therefore, the TL,, value 
5 mg | Cu) for the test run was 
studied in relation to the specific eurves 
developed for the same test There 
was a remarkable difference when the 


contro| 
contro| 
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FIGURE 4.—Change in electrophoretic 
curve for carp exposed to varying concen- 


trations of copper. 


FIGURE 5.—Effect of lead on electro- 
phoretic curve for carp. 
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FIGURE 6.—Location of sampling 
stations. 


copper content was 0.5 me |, and it is 
coneluded that the threshold 
tration inducing harmful effects is be 
tween 0.2 and 0.5 me/!] Cu. 

2. Lead The experi- 
ment was not done in the same way as 
the test. 
were raised for 40 days in water con- 
taining 1.0 mg 1 Pb 


eoneen 


acetate. lead 


copper Ten test fish, carp, 


Dead specimens 
were 


21st 


recoy ered On 
Seven 


the 9th, 20th, and 
the 


days fish survived 


TABLE II.—Environmental Conditions and 
Surviving Specimens at Sampling Stations * 


en 
} Sar of 
) Water of low ntration sel 2 of 
dom present 
Same as above sof 3 
7 No influer 3 of 3 


examined, 
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whole period, but almost all were over- 
sensitive and a slight stress shocked 
them. The electrophoretic curves in 


Figure 5 demonstrate the large dif- 


ferences between lead-exposed and nor- 
mal carp serum. 


Again, as with cop- 


Station 


7 


02468101 
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FIGURE 7.—Effect of pulp mill wastes 
on S. swinhomis at the various sampling 
stations. 
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per, the TL, values of lead variously 
reported are impossible to adapt to the 
immediate experiments In these tests, 
the carp survived for 24 hr in a con 
centration of 50 mg 1 Pb. However, 
the long-term exposure to a much lower 
lead concentration, 1.0 mg/l, resulted 
in a harmful effect to their serum. 

3. Sodium hydroxide and sulfurie 
acid.—As a_ preliminary test, carp 
were exposed to several concentrations 
of these chemicals for 24 hr. Kor so 
dium hydroxide, there was a significant 
change in the paper electrophoretic 
curve when the concentration reached 
40 mel, and the most remarkable 
changes were observed at 60 and 90 
mg/l. On the other hand, the concen 
tration of 20 mel of sulfurie acid 
made a very marked change to the fish 
sertmm. In this case, a_ histological 


change on the gills was observed with 
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the naked eye, a symptom connected 
with the phenomenon shown in this ex 
periment, the change of the paper elee- 
trophoretie curve of the serum. 

Pulp mill waste.—This experi 
ment was tried to study the effect of 
the waste to fish 7 vivo in the fall of 
1958. The topography of the field and 
the sampling stations are shown in 
Kieure 6. In the figure, there is a 
Kraft pulp mill in the most inner part 
of the bay, having two outfalls for the 
wastewater, A and B. Outfall A is the 
main one, discharging about 46,000 
tons day which is distributed over an 
area Of about S00 m radius. Usually, 
the COD concentration of the waste 
water was about 300 to 800 mel. The 
sample fish, Sparus macrocephalus, 
about 25 em long, were exposed for 24 
hr in crawls at the stations shown in 
the figure. Three sample fish were 


control 
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FIGURE 8.—Comparison of electrophoretic curves for fish on their side and normal 


specimens. 


Curves on left are for P. major; on right, for S. swinhomis. 
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exposed at each station. 
after 24 hr is 


Serum samples were collected only from 


Their survival 
shown in Table Il. 
fish. 
curves obtained 


The 


are 


surviving electrophoretic 
shown in Figure 
7. Fish exposed to the wastes at Sta- 
tions 1, 2, and 3 show great differences 
Krom the 
fact that each fish treated seemed to be 
full of life, it is believed that the paper 
electrophoretic method is valuable for 
estimating incipient harmful effects of 
the waste on fish. 


in comparison with others. 


Serum found on 


There are many difficulties 


changes in fish 
their side 
in raising marine fishes in 


these 


aquaria, 


During investigations, several 


fishes died from unknown causes, and 


the serum changes were measured. Two 
fishes, Pagrosomus major and Nparus 
which fell on 

Results 


the differences 


suminhomis, their side 


were tested are shown in 


Figure S and between 


the normal and sick fish are plain. 


Discussion 
Electrophoretic Vethoad 
The method used in this investiga 


tion Was nearly the same as that used 
Although the elee 
with the 
influence the results, 
the only obvious influencing factor was 
the 


preserved in al ice 


in medieal science 


trical conditions connected 


technique might 


the way serum was preserved. 


Serum chamber 
over seven days did not show a normal 
pattern, but the preservation for five 
days or less caused no trouble. 


Difference in Fish 


From the biological viewpoint, indi- 
vidual specimen variation is the most 
important problem in the interpreta- 
tion of results. Experience here is 
that cultured fish carp had 
many individual serum variations. On 
the other hand, wild fishes 


such as 


showed 


BLOOD SERUM CILANGES 


257 


stable patterns. This stability may be 
a manifestation of the ‘‘survival-of- 
the-fittest’’ effect of a natural habitat. 
With cultured fish, the 


as the 


weak as well 
survive. Perhaps 
through breeding, this problem can be 
eliminated, but until then, allowances 
must be made for variations. 


strong may 


Applicability of Method 


Results of this study clearly indicate 
that the paper electrophoretic method 
of serum analysis is an excellent way of 
finding an effect 
Normal 


four peaks on the electrophoretic curve 


of industrial wastes 


on fish. fishes always have 
and the shape is stable for each fish. 
On the other hand, fish affected by 
wastes exhibit a characteristic change 
in their serum which might be related 
to other symptoms. In the tests of 
pulp mill wastes, there was a remark- 
able relationship between the quality 
of the water at and the 
condition of the test specimens. 


each station 


Summary 


1. The paper electrophoretic method 
fish and its ap- 
plicability to biological studies of the 
water pollution problem are discussed 
and recommended. 

2 It is found that there are 
differences between the serums of Elas- 
and Teleostomi, but that 
they have approximately the same com- 
position, and exhibit characteristic elee- 
trophoretie curves from which devia- 
tions can be measured. 


of examining serum 


some 


mobranch i 


3. Serums of fish exposed to certain 
concentrations of such as 
pulp mill waste and inorganie chemi- 
are different 
serums of unexposed fish. 


materials 


cals noticeably from 
This is true 
even when the concentrations were be- 
low those necessary to cause any out- 


ward sign of distress. 


| 
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BOD REMOVAL AND SLUDGE GROWTH IN 
THE ACTIVATED SLUDGE PROCESS 


Brother Joseph McCabe and W. Wesley Eckenfelder, Jr. 


Intensive study of the biological \t the beginning of the oxidation 
oxidation process during the past Iew period let : 
vears has provided many of the basic a 
: ; Ss the initial sludge mass, and 
relationships needed to obtain eco- 
L the total amount of organic 
material (BOD) initially pres- 


ent that ¢: oxidized as a 


nomical design, efficient operation, and 
effective modification. This paper pre 
sents some of the formulations avail- 
able to the engineer for predicting BOD limit of the oxidation process 
removal and sludge growth unde 

various phases of the biological treat- 

ment process. Ss the sludge concentration 

present, 

Formulas AS S-—S the increase in sludge 
The removal ol organic material the BOD remo ed. and 

y the oxidizable BOD 


remoaming 


from wastewaters by the activated ] 
sludge process Can be attributed 

“biosorption” and assimilation Bac 
teria utilize the organic substrate for Let a be the fraction of the BOD re- 
dioxide and water, and for synthesis of 
for energy Then ay AS and, at 


anv time, 


is used 
new cellular protoplasm, resulting in 
sludge growth. Removal due to “bio- 
sorption” by the sludge solids present 
during an initial period of contact S io + AS 1 + ay 
results in the storage of nutrients for as 
age Figure 1 is a typical growth curve 
later assimilation \ mathematical 


for an activated sludge mass plotted 


formulation of the removal of organic against time in a_ batch oxidation 


matter (BOD) during activated sludge started at a high Ly No ratio This 
growth has been Sl ggested Dy the srowth curve exhibits three distinct 
authors (1) (2) ase Ol! he kinetics phases : 

of microbiological growth it occurs 
Phase I.—A constant growth phase 


in bio-oxidation systems } 
ad 


Phase II.—A declining growth phase 
Brother Joseph VUcCahe fessor and and 

Cid Department, Mansation Phase III \n auto-oxidation phase 

College, New York, N } / - 

Ecke nfe Ider ts . 


neering. 


TI . The first two phases follow the t\ pical 
iis pa pe ras erile a an 
Chemical Society Syumpos heli ; ae sigmoidal growth curve exhibited by 


Ohio, April 1960 all biological populations limited in 
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ACTIVATED SLUDGE 


POINT OF INFLECTION-> b 


SLUDGE MASS-S 


LIMITING S=SotaL 


aL 


PHASE I 
CONSTANT GROWTH RATE 


dy_k 


Loge SLUDGE MASS =Loge(Sotay) 


FIGURE 1. 


The mathematical 
formulation of this S-curve as a con- 


Spaee Ol food. 
tinuous funetion has been presented by 
air and Moore 3 


approximation as a two-phase discon- 


together with its 
tinuous function. The solution of the 
two discontinuous functions is simple 
and direct, and this formulation appears 


Ideal activated sludge growth curve. 


to proy ide sufficiently accurate results 
for engineering studies. Garrett) (4 
and Garrett and Sawyer (5) found that 
the growth of activated sludge follows 
this discontinuous function, constant at 
high BOD values and directly propor- 
tional to the BOD present 
centrations. 


at low con- 
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Phase I—Constant Growth 


The two-phase formulation assumes 
that the growth rate in Phase | 
in the presence of an abundant supply 
of food, is limited only by the minimum 
generation time of the organisms them- 
selves for the temperature used. Thus 
regular and maximum multiplication 
occurs, and the growth rate is a 
stant maximum. Phase I can, there- 
fore, be defined by a constant rate of 
sludge increase : 


atob 


COon- 


ds + ay 


dt dt = 
which integrates to 
log. (So + AS 


So 
or, in terms of BOD removal y. and 
assuming for the initial 
removal, 


present) no 


log, (Sy + ay) 


Ss 


where /, is the logarithmic growth rate 
for natural logarithms; the constant for 
common logs is A, 

The plot of log So 4 
(shown as solid line in Figure Ib) is a 
straight-line function within Phase I 
(a—b) where the slope defines / The 
decreasing slope of the line after point 0 


ay against ¢ 


indicates the declining growth rate of 
Phase IT. 


Phase II Declining Growth Phase 


At some transition point, 6, the food 
concentration is just sufficient to main- 
tain the maximum multiplication of 
the bacterial population present. Be- 
yond this point of discontinuity, the 
growth controlled by and is 
proportional to the limited concentra- 
tion of food. 
pounds, the rate of BOD removal is 
directly proportional to the BOD re- 
maining and Phase II can be defined 
by a constant rate of BOD decrease: 


— db 
dt 


rate is 


For single organic com- 
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Which integrates to 


log — kot 

oY, L ) 
where /y is the logarithmie BOD re- 
moval rate for natural logarithms. The 
constant for common logs is Ko. The 
plot of log L against ¢ (shown by the 
dashed line in Figure Ib) is a linear 
function within Phase II where the 


slope defines 4 It is often convenient 
to plot log L/L 


oxidations under various conditions 


against ¢ to compare 


Using quantitative determination of 
Wuhrmann 
and others have shown that 


the substrates themselves, 
etal. (6 
the rate of removal of pure compounds 
by bacteria is constant down to very 
low concentrations (less than | mg, | 

The kinetics of this zero order removal 
are explained by the 
enzymatic reactions 

tions 


laws governing 
First order reac- 
are approximated when non- 
specific parameters such as BOD and 
COD are employed to measure concen- 
BOD 


removal from the heterogeneous mix- 


trations in simple substrates. 


tures encountered in sewage or indus- 
trial wastes usually vield a progression 
of decreasing rate constants as the less 
readily assimilable BOD is removed: 
first 
apply directly 


order kineties do not, therefore, 
The evaluation of pro- 
gressive fs values for such complex 
Wastes is discussed below 

\t the transition point b the removal 
rate due to the constant rate of sludge 
and to the 


decrease are 


increase eonstant rate ol 


BOD This 


point of discontinuity between Phase | 


Just equal. 


and Phase IT can be estimated approxi- 
mately from the 
Figure la and from the linearity in 
Figure lb. More exact caleulations can 
be obtained by equating Equation 2 to 


inflection point in 


Equation 5 after multiplying the latter 
by a: 


Ly Li ky 


Sp S 


hi(So + ak: 


vend 
3 
° 
} 
ot 
. 
] 
= = hy 
: 
4 
4 
3 
— 
rd 
+ ay, ak: 
Ol 
] 
4 
3 
A 


‘aly 
(S) 
ky +4 
(4) 
Lo ky, ke 
Then, from Equation 4, 
| So 
ty log, (10 
hy So 


Kquation 7 shows that varies in- 
versely with the L, S, value for any 
given oxidation system since /, and a 
are taken as constants of the system. 


Phase III Auto-Oxidation Phase 


In Figure 1, Phase III shows the 
decrease in sludge mass by self-metabo- 
lism or auto-oxidation of cellular proto- 
plasm as the available food becomes 
depleted. Some residual BOD re- 
mains even after long aeration periods, 
and this residual usually increases with 
the length of time in Phase III. This 
is attributed to the release of cellular 
constituents after the cell dies. This 
auto-oxidation phase is utilized for the 
aerobie digestion of sludge solids. 

During Phase II], biological sludge 
assimilated during the growth phases 
undergoes continuous auto-oxidation 


Figure |, ¢ tod The oxidation rate 
will initially approximate first-order 
kinetics \s oxidation proceeds, the 
r 
r 
} 
vss 
a ~ 
— 
\ 
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FIGURE 2.-Decrease in BOD and volatile 
suspended solids by auto-oxidation. 
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cellular constituents remaining are more 
difficult to oxidize and the oxidation 
rate will decrease. The process can 
then be formulated by a composite 
exponential or by retardent-type 
reaction (such as Equations 14, 15, and 
17 given below). Results from acti- 
vated sludge synthesized from a phar- 
maceutical waste are shown in Figure 2. 
Since a portion of the cellular material 
is resistant to oxidation, there will be 
a non-oxidizable residue remaining. 


Sludge Growth Ratio, a 


The growth ratio a used above was 
defined as the fraction of BOD removed 
which is synthesized to new sludge; it 
Was assumed to be constant. This is 
only approximately so since the ratio 
varies with age of the sludge, quantity 
of available nitrogen, etc. Determina- 
tion of the synthesized fraction is 
further complicated by biosorption 
and auto-oxidation. Engelbrecht (7) 
showed that for many pure substrates 
the ratio of biological solids to BOD 
removal increased sharply to a point 
of discontinuity and dropped off to a 
constant (approximately % of ultimate 
BOD) thereafter. This was attributed 
to adsorption and subsequent assimila- 
tion of stored material. 

It is probable that a portion of 
cellular protoplasm is continually being 
oxidized. Gaudy and Engelbrecht (8) 
point out that the rate of endogeneous 
respiration is not constant and that its 
course or existance cannot be deter- 
mined exactly when substrate is being 
oxidized. However, average values for 
the amount of self-metabolism are 
sufficiently accurate to estimate sludge 
growth for engineering studies. If 6 is 
the sludge fraction consumed during 
continual endogeneous respiration then 


ay S + dS, (11) 


where S, is the average sludge con- 
centration. From data on BOD re- 
moval and its associated sludge growth, 
the a value can be approximated as the 
slope of a plot of AS S, vs. y Sq as 
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FIGURE 3.—Calculation of a from BOD 
removal and solids buildup data. 


shown in Figure 3. The intercept ot 
BOD 
interpreted as an approximation of b. 
This approach must be used with cau- 
tion to interpret the amount of stored 
material initially 
sorption. 
Determination of a from oxygen 
utilization data is preferable because 
of the interference of inert solids in the 
measurement of sludge growth. The 
ratio of oxygen utilization and BOD 


the slope of zero removal is 


removed by bio- 


removal a’ is estimated as the slope of 
a plot of O2/S, vs. y/S 

ratio can then be derived, 
of ultimate BOD, by converting from 


The growth 
on the basis 


units to volatile solids 
ASS* Then 


oxygen units 


where 


a 


Aclive Sludge Frac lion 


The 


based on the definition of S as the mass 


foregoing discussion has been 
of active biological cellular matter and 
initial 
mass of active bacteria to predict BOD 
the 


it is necessary to estimate the 


removals accurately. On other 
hand, an sludge 
solids is required to predict the amount 


estimation of 


of excess sludge for ultimate disposal 
The usual determination of volatile 
solids content will not give a valid 
* Tn practice this O./AS ratio varies between 
1.2 and 1.5. Porges ef 
value of 1.4 for a 


computed the 


composition ol 
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estimate of active cellular content es- 
pecially when the sludge contains inert 
organic as well as inorganic matter. 
The oxygen uptake rate will provide 
information on the active sludge frac- 
tion when the a’ and b constants dis- 
are Me- 


10) reports that organic nitro- 


cussed above determined. 
Kinney 
gen in the biological solids can be used 
unless inert 
nitrogen-containing compounds accu- 
mulate. 


An accurate, if 


to indicate active solids 


method 
who inocu- 
lated a given weight of activated sludge 
into nutrient broth and estimated the 
increase in weight during aeration after 
centrifuging. Extrapolating the log- 
growth curve back to zero time gave 


laborious, 
was employed by Stern (11 


the true initial biological slidge mass 
which in turn, when divided by the 
initial weight, the 
sludge employing this pro- 


gross gave active 
fraction. 
cedure, Stern obtained an active frac- 
tion of only 24 per cent for an activated 
sludge with a very large pulp and fiber 


buildup. 


Examples of the Two-Phase 
Formulation 


mpl Substrate 


The two-phase formulation of BOD 
removal during bio-oxidation is defined 
the constants a, So, Lo, 
\n example for a 
without 


} 


1, and / 
simple substrate 
shown in 
experimental data 

CGarrett’s 
for BOD reduction and oxygen utiliza- 


initial removal is 
Figures da and 4b 
were obtained from curves 
tion ina peptone substrate by activated 
sludge at 25°C (4 The feed BOD was 
reduced by a third after mixing with the 
sludge. Since no further adsorption 
apparent assimilation 
Was assumed to be responsible for all 
further BOD removal. Curves B and C 
with identical four times 
that of Curve A, followed parallel K, 
and Ks rates and exhibited a more 
extended Phase I than Curve A. The 
K, rate was constant for the system 
and consequently, according to Equa- 


was thereafter, 


ratios, 


4 
fa 
10 
° © i 
/ 5 
w 
o= 4S 
/ Os 10 15 20 
So 
4 
% 
s’)/1.4 12 
( 
d 
~ 
4 
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TABLE I.--Two-Phase Analysis of Biological 
Oxidation —Peptone Substrate (Figure 4)* 


Feed BOD, mg/l! 340 640 136 


"Initial BOD = Lo, mg/l 900 
Initial TSS, 1,340) 670) 1,340 
VS, as of TS 72.4 72. 72.4 
a Initial VSS = Sy, mg/l 970, 485 970 

, BOD 0.6 0.6 0.6 

Lo/S» (mg/l BOD /mg/! 
VSs) 0.23 | 0.93} 0.93 

Initial removal = 

mg/l 0 0 0 
AK, (common logs), hr! 0.05 0.05 0.05 
(common logs), br! OAS8S OY O19 
ky (natural logs), hr-! O115 
ky (natural logs), 1.12 0.4385 0.435 
TRE HOURS br 0.3, 2.0 


A Pe 
FIGURE 4a.—BOD removal by activated pee 


mg/l 5D IN7 374 
sludge-—peptone substrate (data after Gar- Ls, 171 263 526 
rett (4)). + y = Sp, mg 1 1,653 O87 1,974 


” Experimental data after Garrett (4). 


263, and 526 mg 1 were calculated. 
Pertinent data are given in Table I. 


Arithmetic Growth Phase 


\e fc As noted by Garrett and Sawyer (5), 
within any portion of Phase I where the 


| 
| 
a 
= 
2 
400 
: 
300+ 
E 
FIGURE 4b. -BOD removal by activated | ¥ 
sludge —peptone substrate (data after Gar- 3 
rett (4)). 50 8 
100F 
tion 7, A» should be inversely propor- : 
tional to the Ly/S, ratio at the transi- ok Jo 
tion point. The point of discontinuity Sq - MIXED LIQUOR SUSPENDED SOLIDS -mg/ix10* 
is defined not by a limiting BOD but FIGURE 5.—BOD removal relationships 


by the L,/S, ratio; Ly values of 171, during linear growth phase. 
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per cent increase in sludge mass is not = Jnitial BOD Removal 
greater than 100 per cent (AS < S)), 
relatively little error is introduced by 
letting S = S,, the average sludge con- 
centration over the range under con- 
sideration. Then if 4, = 0, Equation 2 
becomes 


In many biological oxidation sys- 
tems, a very high initial rate of BOD 
removal is found immediately after 
contact of waste with sludge. followed 
by a slower rate of removal. The mag- 
nitude of this high initial rate depends 

y k S,t/a. 3 on the nature of the waste and the 
characteristics of the sludge. Storage 

which can also be used as an approxi- of BOD by the microbial cell results 
mate expression for the linear portion when this initial rate of removal ex- 
(e-f) of the growth curve if AS <S ceeds the maximum rate of sludge 
Figure 5 shows this linear relationship growth (9). This stored BOD is 
observed in a glucose substrate and a subsequently oxidized after several 
pharmaceutical waste hours aeration of the sludge. Ecken- 


PHASE I (A) .__ PHASE II (A) 


10 
TIME — HOURS 


FIGURE 6.—-Correlation of pharmaceutical waste data during Phase I BOD 
removal. Phases I and II and initial removal are denoted only for Run A. 
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felder (12) found that this high initial 
rate of BOD removal was a direet fune- 
tion of the sludge solids present when 
considering only that portion of the 
BOD which was rapidly removed. 


The course of initial removal and 
Phase I assimilation for a pharma- 
ceutical waste using four different 


initial activated sludge concentrations 
is shown in Figure 6. 
sufficient points on Curves A 


There were 
and B 
to estimate /,, and with identical food 
and sludge sources it is reasonable to 
expect the same /, value for Curves C 
and D. Insufficient Phase I] data were 
obtained to determine ft». values, and 
the point of discontinuity 6 was esti- 
mated by eve. 


The difference between 
S» and the intercept of /, extended to 
the ordinate was taken to indicate the 
amount of initial removal 

that the 
contributed to the 
mass of biological solids and believed 
that its utilization by the = micro- 
organisms permitted adsorption to con- 


Engelbrecht 7) showed 


adsorbed material 


tinue until the substrate concentration 
became limiting; then the final amount 
of adsorbed material was metabolized 
causing a rapid decrease in the mass 
of the solids. His data show that the 
ratio of biological solids to BOD re- 
moved sharply until the 
region of the point of discontinuity b 
and drops off thereafter. It 
concluded that 


Mcreases 


may be 
material re- 
moved from solution is not synthesized 
during Phase I, but that it 
during Phase Il together with the 
additional BOD removed during this 
Consequently, corrected BOD 
values should be used for the two-phase 


adsorbed 


is utilized 


phase 


formulation of removals caused by 


assimilation. 


( ‘omple Waste s 


Since most contain a 
variety of organic substances, the semi- 
BOD remaining show 


decreasing purification rates in Phase 


wastewaters 
plots of 


log 


Il. This decrease has been expressed 
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mathematically by Fair ef al. (13) as a 
retardant formula, 


dh ke 


4 . (14) 
dt (1 + mt) 


and by Fair and Geyer (14) as a fune- 
tion of the decreasing availability of 
substrate, 


L \* 
dt L 


is a coefficient of retardation 
and n is a non-uniformity coefficient. 
When m and n = 0, Equations 14 and 
15 are the same as Equation 5. 

Figure 7 gives one example of the 
batch oxidation (20°C + 1°) of a 
pharmaceutical waste whose decreasing 
removal rate in Phase II] was calculated 
by the retardant formula in Equation 
14. The Sy value was in terms of gross 
suspended solids and experimental val- 
ues were field BOD data. Calculated 
data are given in Table II. 

It is also possible to approximate the 
decreasing /» removal rate by assuming 
that the BOD in Phase II is a com- 
position of several simple components: 


(15) 


where m 


+L, 


and that each component is oxidized 
independently and simultaneously ac- 
cording to Equation 5 at its own rate: 


2) n 


Then the total BOD remaining at any 
time will be the sum of the amounts of 


each component remaining de- 
TABLE II.--Two-Phase Analysis of Biological 
Oxidation—-Pharmaceutical Waste (Figure 7) 


Item Value 

a 0.55 

So 2,250 mg/l 
Li 5,100 
ky 0.069 hr-! 
ke 0.333 hr-! 
m 0.05 

Lo 1,580 mg/l 


Sr 1,180 mg/l 


E 
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10 


TIME - HOURS 


/ 


b4/POINT OF DISCONTINUITY 


PHASE IE —— 


FOR TWO-STAGE 
FORMULATION 


Lo=5i00 
So=2250 mg/I 


10 


TIME - 


FIGURE 7.—BOD removal by acti 


termined by Equation 6 
L (Ly 


The sum of the ordinates of these log 
expressed in eXpo- 


+ 16 


L, 


functions may be 
nential form: 


20 
HOURS 


vated sludge pharmaceutical waste. 


This is the composite exponential used 
by Theriault and MeNamee (15) fon 
the oxidation rate of channel sludges, 
16) for the death rate of 
Moore 17 oxygen 


by activated 


by Streeter 
bacteria, by for 
utilization 
and by Gameson and Wheatland 


oxidation sewage 


sludge, 
IS 


rate 


for the rate of of 


effluents. 
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TABLE III. -Two-Phase Analysis of Biological Oxidations 


So, mg/l 9,0 970 120 

a 0.6 0.6 0.6 

1.12 0.435 0.435 Lo 

171 265 | 526 53 

S,, 1.603 OST 1,074 9,7 

S,/I 3.75 3.75 17.3 


as a Function 


For any waste oxidation system experimental 


is proportional to S,/L, according “on rate he 
to equation 7 and as indicated gener- concentration 


ally in Table IIT for peptone, glucose, Then qua 


and a pharmaceutical waste. How- 


ever, when batch oxidations of dilute 
vastes are initiated within Phase I] 
beyond the point of discontinuity, sO log, 


100 


that the S,/L, ratio is never present, 


k. as a function of S,/L, 


5, 100 1,075 
S40 2,250t 2.035t 
O7 0.55 O55 
0.122 0.069 0.069 
1 0.333 0.253 
| O05 0.05 
109 1,580 O80 
1,851 1180 2 OST 
1.68 2.64 2.15 


0.126 O.119 


data indicate a general 


begun in Phase I, /; is a constant and direct relationship between the reac- 


and the average sludge 


s Se. 
tions 5 and 6 become 
= db 
18) 
dt 
L/ Lo — ko’ Sat 19) 


BATCH 


© 
z 
| 
=> | 
a = 
-BATCH OXIDATION CURVE 

S 

*° | L, 
Lo 


© CONTINUOUS HOMOGENEOUS: 
TANK 


OXIDATION 


a pulp and paper mill waste. 


FIGURE 8.--BOD removal for batch oxidation and continuous treatment of 


| 
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Values : 
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: * Experimental data after Garrett (4 
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% BOD REMAINING 


0.015 Sa-t 


These equati 


10 


Sa 


‘tx 103 


FIGURE 9.—-BOD removal by activated sludge sewage 
data after Ruchhoft et al. (19)). 


ms are empiric: 


il and 


should be used with caution since thei 
limited. Nevertheless. 
Pal degree of prediction, 


application is 
they do allow 


1 


O (he), 


(ke)e 


° 


2000 3000 4000 


5000 


MIXED LIQUOR SUSPENDED SOLIDS — mg/I. 


FIGURE 10. 
coefficients with 


Correlation of BOD 
suspended solids 


Phase II according to Equation 20. 


removal 
during 


within limits, for oxidations entirely 
within Phase I]. Thus Figure & shows 
the correlation obtained for Phase II 
data employing the integrated form 
of Equation 15 for a pulp and paper 
mill waste (L ISO.) to 
BOD). 

The solution of Equation 16 using 


250 mg | 


the empirical Equation 18 gives 


L Bat 
20 


The data of Ruchhoft ef al. (19) on 
the removal of BOD from domestic 
sewage during Phase I] were correlated 
according to Equation 20 as shown in 
Figure 9. The correlation between /» 
and S, according to Equation 18 is 
shown in Figure 10. As would be ex- 
pected for approximately equal concen- 
trations of the same sewage, the BOD 
fractions Ly, and L. were approxi- 
mately the same for all runs. For 
systems started in Phase II the first 
term in Equation 20 probably reflects 


— 
268 
100 
50 
KD 
5 
> 
©? 
es 
- at 
fo) Lo 
ro) 
10 
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fo) 
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: 


L 


me 


Domestic sewage & 


textile mill 1.35 0.28 
Pulp & paper O17 
Pulping & bleaching 0.95 0.40 
Settled sewage 2.8 0.60 


initial removals Then L, and ko, 
would represent the BOD fraction 
removed by biosorption and its re- 
moval rate 

The rate constants and associated 
BOD fractions for several wastes com- 
puted according to Kquation 20 are 
given in Table 1V 


Application to Process Design 


Design and operation of the various 
modifications of the activated sludge 


process can be based on the basie 


ACTIVATED SLUDGE 


TABLE IV. Rate Constants and Associated BOD Fractions 


Le 


mg 1) 


0.95 0.55 0.061 
0.50 0.29 0.051 0.33 
0.125 0.60 

0.38 0.31 0.015 0.09 


formulations developed above, with 
attention to the portion of the funda- 
mental sludge growth curve utilized 
by the process (Figure 11). The 
portion of the growth curve utilized 
depends on the Ly So ratio and the 
detention period employed. The math- 
ematical formulations employed for 
each process will be those presented 
above for the phase in question. It is 
emphasized that an understanding of 
the underlying principles of sludge 
growth allows the design or operating 
engineer to employ that process modi- 


BOD 
REMAINING 


PHASE I pyase 


CONVENTIONAL 
ACTIVATED SLUDGE N 
z b 
= TOTAL OXIDATION 
= 
z SLUDGE 
SOLIDS 
3 AEROBIC 
fo) DIGESTION 


HIGH RATE ACTIVATED SLUDGE 


TIME 


FIGURE 11.--Sludge growth and BOD removal relationships for activated sludge. 
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fication which is applicable to the par- 
ticular waste which must be removed. 


Conventional Activated Sludge 


The conventional activated 
process begins at low Lo 
than L,/S,, due to rather dilute wastes 
and/or high sludge return; this system, 
therefore, commences within Phase IT. 
The aeration period generally extends 
into Phase III, and this conventional 
process occurs between C and D in 
Figure 11 where the sludge accumula- 
tion is denoted as AS). 


sludge 
So ratios, less 


High-Rate Activated Sludge 


The high Lo/So ratio for the high- 
rate activated sludge process is ob- 
tained by feeding high-concentration 
wastes or by lowering the returned 
sludge rate; this system starts within 
Phase I to exploit the high removal rate 
due to unrestricted growth. The aera- 
tion period (B-D) can extend into 
Phase IIT; the sludge accumulation is 
then shown as AN». 


Total Oxidation 


If aerobie digestion of sludge solids 
is desired, Phase III is utilized to 
oxidize the sludge synthesized in Phases 
I or II during an extended aeration 
period so that the sludge accumulation 
approaches zero. Although this is 
called the total oxidation process, some 
excess sludge accumulates because of 
the inert solids fraction as well as the 
portion of the active solids which is 
resistant to oxidation. This residue 
may vary from 20 to 40 per cent of the 
total biological solids previously syn- 
thesized. The aeration period required 
to accomplish this auto-oxidation after 
conventional treatment is designated as 
D-E in Figure 11. 

In some the sludge 
produced during biological oxidation is 
separated and concentrated by sedi- 
mentation, and oxidized separately to 
economize on the size of the aeration 
tank required for this extended Phase 
III auto-oxidation. 


cases, 


excess 
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Contact Stabilization 


Another method of reducing capital 
costs of aeration tanks is the contact 
stabilization process which exploits the 
phenomenon of initial removal by bio- 
sorption. When the initial removal 
rate and its associated removable 
fraction are large, high BOD removals 
can be attained in short aeration con- 
tact periods resulting in a storage of 
appreciable quantities of BOD by the 
sludge solids. The sludge, 
stored BOD, is settled 
quently oxidized in separate, smaller 
tanks during a 
stabilization period 


with its 
and is subse- 


sludge aeration or 
BOD 
can be obtained by increasing the aera- 
tion period, and when this 
increased time permits stored BOD to 


Increased substrate removal 


contact 


undergo assimilation, the sludge aera- 
tion or stabilization can be re- 
duced. When all BOD is 
assimilated during the aeration period, 


time 
the stored 


the necessity for sludge reaeration is 
eliminated and the system approaches 
one of the processes described earlier. 
In the treatment of domestic sewage, 
BOD reduction has been 
attained with contact periods of 0.24 hr 


93 per cent 


and a sludge stabilization period of 1.6 
hr; the mixed liquor suspended solids 
BOD reductions 
the 
treatment of a mixture of textile wastes 


averaged 3,200 mg/1. 


of 86 per cent were obtained in 


and domestic sewage with a contact 
period of 1.1 hr and a sludge stabiliza- 
tion period of 3.3 hr; aeration solids 


averaged 3,200 mg/1. 


Summary 


the activated 


been 


The performance of 
sludge 
terms of 


process has defined in 


BOD 
It is recognized that variations 


removal and sludge 
growth. 
in waste characteristics and changes in 
sludge the 


These varia- 


condition will influence 


parameters developed. 


tions must be evaluated for each specific 
application. 


: 
4 
M 
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ASSEMBLY 


DISSOLVED OXYGEN TITRATION 


J. R. Malone 


Two of the DO titration assemblies 
as shown in Figure 1 are in use in the 
sewage treatment plant laboratories of 
the Durham, N. ©., Department of 
Water Resources. The units were put 
together from stock items of laboratory 
supply houses by personnel of the 
three jointly operated laboratories of 
the water and sewage treatment plants 

The burette has a 25-ml capacity 
with automatic zero adjustment and 
a three-way stopcock for quick filling. 
It is fastened to the support with 
thermometer clamps. The support. is 
a standard large-sized rectangular base 
support with the hollow part of the 
base filled with several pounds of lead 
The thiosulfate reservoir is a pyrex 
leveling bulb of 500 ml capacity; the 
starch reservoir is a 500-ml aspirator 
bottle; and the waste bottle is a plain 
bottle of about 150 ml capacity, all at 
tached to the support rod by standard 
utility clamps. The thiosulfate reser 
voir is also supported in a split-type 
support ring so that it may be lowered 
for filling. 

The sample for titration is placed in 
a 400-ml beaker together with a plastic- 
sealed, magnetized-steel bar, and mix 
ing is provided by this magnet moving 
with a revolving magnet in the stirrer 
upon which the beaker is placed. The 


J. R. Malone is Purification and Treatment 
Engineer in the Department of Water Re 
sources, Durham, N. C. 


FIGURE 1. 


porcelain plate is for easy detection of 
the change in color at the starch end 
point. Plastic tubing is used for earry 
ing the thiosulfate solution from the 
reservoir to the burette. Starch solu- 
tion that needs no refrigeration is used. 
Cotton plugs are considered sufficient 
to prevent air-borne contamination of 
the solutions in the reservoirs and 
burette. 
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OPERATION OF SEWAGE 


TREATMENT PLANTS 


The activated sludge 


utilized to 


process is 
convert non-settleable sub- 
stances, in finely divided, colloidal, and 
dissolved 


and to 


form, into settleable sludge 
this 


remove 


newly-formed 


15.1 


The activated sludge process depends 
on groups of microorganisms, primarily 
bacteria and protozoa living on sewage 
These 


organisms are maintained in an aerobic 


solids, as a purifying medium, 


into 
a mixture of the activated sludge and 
after the «activated 
sludge is separated from the treated 


environment by introducing air 


which 


sewave, 


Settled 
mixed with ae- 
Then the mixture flows 
which it is 
mixed in the presence of 


The process is a simple one. 
sewage Is first 
tivated sludge 
into an 


or raw 
aeration tank in 
thorough], 
dissolved oxygen for sufficient time to 
effect purification, and the resulting 
mixture passes into a settling tank in 
which the activated sludge is separated 
by gravity from the purified sewage. 
A portion of this settled activated 
sludee, termed return activated sludge, 
is then pumped back to aid in the 
purification of more sewage. Since the 
activated sludge is constantly inereas- 
ing in quantity as it removes organic 
the and as the 


solids from 


sewage, 


This 


Treatment 


s Chapter 15 of Operation of Sewage 
Plants, Manual of Practice 11. 
Serialization of this manual began in the 


September issue, 


15. ACTIVATED SLUDGE 


FUNDAMENTALS OF PROCESS 


15.2 DESCRIPTION OF PROCESS 


sludge, thereby providing a high degree 
of treatment. The first action 
complished in aeration tanks, while the 
second is accomplished in final settling 
tanks, 


is ae- 


sewage by settling. The efficiency of 
sedimentation depends on the weight 
and density of the sludge developed. 
Settled activated sludge may then be 
reused to treat more sewage. 

It is generally accepted that in the 


activated sludge process 


adsorption 
plays an important role in the removal 
of organie materials from sewage. 


microorganisms continually grow, it is 
necessary to remove the excess quan- 
tity from the system. 
removed is 


The sludge so 
activated 
The flow diagram in Figure 


termed waste 
sludge. 
15-1 indieates the manner in which this 


process is carried out. 


15.21 Basic Requirements 
Obviously, the operation of so sim- 
ple a process should not be difficult. It 
Setting Fine! 


| 
Sewage Aeration | Aerotion 
T Tonks Effivent 


Tonks [Tiquor 


Return Activated Sludge 


Fino! 


Woste Activated Sludge 


FIGURE 15-1.—Flow Diagram of 
Activated Sludge Process. 
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FIGURE 15-2.—Aeration tank. 


need only meet the following three re 
quirements : 

1. The activated sludge should con- 
tain adequate numbers of purifying 
organisms ; 

2. Dissolved oxygen should be pres 
ent sufficient 
portions of the aeration tanks; 

3. The activated sludge should sepa 
rate readily from the treated sewage in 
the final settling tanks 


concentration in all 


and 


15.22 Development of Activated 
Sludge 


The preparation of satisfactory ae 
tivated sludge from the domestic sew- 
age of a typical American city can be 
accomplished readily in a 
several days to two weeks, depending 
on the capacity of the aeration tanks. 
The only requisites are that dissolved 
oxygen be present in the aeration lig 
uor, that the sludge settling in the final 
settling tanks be promptly, 
and that the aeration tanks be of suf- 
ficient capacity to provide an adequate 
time for purification to take place. 

Despite the obvious simplicity of the 
process requirements, the practical ap- 
plication of the process is not so easily 
carried out. The particular problems 


period of 


removed 


arise from the varying nature of the 
purifying 
stantly changing sewage characteristics, 
and the difficulty of maintaining a 
readily settleable sludge. 


microorganisms, the con- 


15.23 Aeration Tanks 
15.231 Purpose: tank 


Migure 15-2) is the heart of the proc 
ess. Here. oxygen is introduced to the 


The aeration 


system to satisfy the requirements of 
the activated sludge organisms and to 
keep the activated sludge dispersed in 
the aeration liquor. 
sufficient 
retention time to accomplish the puri- 


The tank capacity 
must he TO provide enough 


fication required 


15.232 Size:—-There is no hard-and- 
fast theoretical size or retention period 
If the rate of in- 
is low, 


for aeration tanks. 
troduction of dissolved oxygen 
the period of retention must be rela- 
tively high. dissolved 
introduced at a high rate, 
the retention period in the tanks ean 


Conversely if 
oxygen is 
be lower. Thus it is possible in one 
situation to require a retention period 
of as much as 12 hr and in another 
situation to accomplish the same degree 


of treatment in as little as 3 hr. In 
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both cases, the rate of solution of the 


oxygen is the determining factor. 


15.233 Oxygen Supply: —Acration 
tanks, by their design, limit the quan- 
tity of dissolved oxygen which can be 
put into solution in a given time. In 
every type of tank, there are two 
sources of oxygen that control the rate 
of its solution: (a absorbed 
diffused bubbles of air and en- 
trained in the aeration liquor, and (b) 
oxygen from the 


oxygen 
from 
above 


adsorbed air 


the tank surface. 


15.234 Rate of Oxygen Solution: 

The rate of solution of oxygen from 
the air bubbles in the liquid for a 
given aeration system depends largely 
on time of contact between bubble and 
the liquid and turbulence in the liquid. 
To extend this time of contact, the 
horizontal tank velocity from inlet to 


outlet should be low and the bubble 
path as Jong as possible. The liquid 
film in intimate contact with the bub- 


ble of air is saturated with oxygen al- 
most immediately after the bubble is 
produced. The oxygen is 
then removed from this film into the 
adjoining liquid by 


This 


dissolved 


diffusion, a very 


slow diffusion 


process, nay be 
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FIGURE 15-3.—Mechanical aeration device. 
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increased in rate by the production of 
turbulent conditions in the liquid. 
Absorption of dissolved oxygen from 
the air above the tank surface is pro- 
portional to the water surface area ex- 
posed to the air above it and to the 
rate of mixing of this saturated surface 
film with the body of the liquid. It is 
obvious that the quiet surface of a 


gently flowing stream creates a low 
rate of oxygen solution since both area 
and turbulence are at a minimum. By 


comparison, a body of water disturbed 
by choppy waves would expose more 
surface area to the air, have more mix- 
ing, and greater rates of solution of 
oxygen would result. 


15.235 Types of Tanks: —It would 
appear that a minimum rate of oxygen 
solution would be found in an aeration 
tank of known 
in English practice as a Bioaeration 
plant, wherein all the oxygen is ab- 
sorbed from the liquid surface only, 
and stirring is effected by paddles lo- 
cated in the tank. A plant of this type 
installed at Manchester, England, in 
1935, has a retention period of 17 hr. 
With this long aeration period, it is 
capable of providing a high degree of 
treatment. 


the stream-flow type, 


3 
~ 


276) 


A brush-aeration tank of the type in 
stalled at Stockport, England, in 1938, 
utilizes largely surface aeration, with 
the production of a wavy tank surface 
by the mechanical action of a rotating 
stainless steel along an 
corner of tank surface. 


comb upper 
The increased 
rate of oxygen absorption compared 
with the reduces 
the required retention period to about 
7.9 hr for about the 
purification. 

A third elass of mechanical aeration 
facility introduces air in the body of 
the liquid in the aeration tanks by cir 
culating the aeration liquor either by 
an updraft or downdraft pump 
ure 15-3). 
face turbulence, at the same time dif 
fusing air the liquid 
Aeration periods of about 8 hr are 
generally provided for effective puri 
fication. 


Bioaeration process 


same degree oft 


Fig 
This action produces sur 


through 


lass. 


The diffused air-type of aeration fa 
installed in re 
cent years depends on the 


cility most commonly 
use of com- 
introduced 
near or at the bottom of the aeration 


tanks at multiple points through one of 


pressed air. The air is 
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FIGURE 15-4.—Porous plates in 
tank floor. 


a rather wide variety of diffusers, in 
cluding Kigure 15-4 
and porous tubes (Figure 15-5) or jets 

When diffused air is introduced in 


porous plates 


FIGURE 15-5.—Swing-type porous-tubes diffuser. 
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spiral-flow or ridge-and-furrow aera- 
tion tanks, the tank liquids are kept in 
cireulation by the air-lift effeet. As 
the oxygen requirement is increased, 
more air must be used. This increases 
the air-lift effect producing an increase 
in the liquid velocity which in turn 
bubble contact 


Thus as the oxygen requirement 


causes a decrease in 
time. 
is inereased, the bubble contact time is 
the 
efficiency of utilization of the air in- 
troduced. These aeration 
generally designed for 
riods in the order of 5 hr. 


decreased, causing a Jowering in 


tanks are 
retention pe- 


15.24 Final Settling Tanks 
15.241 Purpose: 


final settling is to bring about 
the separation of the activated sludge 
from the treated sewage. 


The purpose of the 
tanks 


The mixture 
enters these tanks and is deflected to- 
ward the bottom by an influent baffle. 
The sludge separates rapidly and is 
moved to withdrawal points where it 
is removed continuously by the return 
sludge pumps. The effluent flows over 
weirs to be discharged into the effluent 
conduits. 


15.242 Sludge Removal: It is sood 
practice to operate final settling tanks 
With as little depth of sludge on the 
This 


complished by withdrawing the sludge 


bottom as possible. can be ae- 
at a rate such that its concentration of 
solids is the same as that of the sludge 
obtained from a sample of the mixed 
liquor after settling 30 min in a 1-1 
graduated eylinder (standard test). 
Thus, if a 30-min sludge volume is 
200 ml in a 1-1 cylinder or 20 per cent, 
the quantity of sludge drawn 
from the tank should be 20 per cent of 


return 


the total flow of aeration liquor into 
the tank. 


where 


This can be obtained easily 
and 
where 


single tanks meters 


available; 


are 
however, 


more than 
one final settling tank is used, the con- 
trol is rendered less effective by un- 
equal 
tanks. 


distribution of flow into the 


OPERATIONS MANUAL 


Where multiple settling tanks are 
used, it is sound practice to take sound- 
for sludge depth occasionally. 
Where excessive depths are noted, the 
rate of sludge withdrawal should be in- 
creased. 


15.243 Settling Rates: Rate of set- 


tling in these tanks is usually expressed 


Ings 


in gallons of inflow per day per square 
foot of tank surface area (gpd/sq ft). 
Some effluent but influent 
rates are more expressive of the effec- 
tiveness of a settling tank. Generally, 
effective settling inflow can be accom- 
plished in tanks with 
rates of between 500 and 2,000 gpd, 
sq ft. 


use rates 


well-designed 


15.25 Sludge Reaeration 


It is thought that two main actions 
take place in the activated sludge proe- 
ess: first, the removal of organie ma- 
terials from the sewage by the sludge 
floc; and second, the aerobie digestion 
of the materials so removed by the 
the floc. These 
stages may be compared to the adsorp- 
tion of alcohol vapors from fermenta- 
tion The vapors are passed 
through a bed of activated carbon and 
the alcohol 


surfaces. 


microorganisms in 


PASCS, 


is adsorbed on the carbon 
When these surfaces are sat- 

further adsorption 
The activated carbon is then 
reactivated by heating with steam, the 
aleohol being released, and the carbon 


urated no takes 


place. 


bed is again able to treat more fer- 
mentor gas. 
It is thought, similarly, that ae- 


tivated sludge adsorbs, on its large sur- 
face area, organic materials from the 
sewage being treated and that follow- 
ing this adsorption, the materials are 
converted to carbon dioxide and water 
and activated sludge. In the 
ordinary activated sludge plant, both 
of these reactions are accomplished in 
the same aeration tank and are taking 
place, each in varying degree, through- 
out the aeration period. Reaeration is 
the separate aeration of the activated 


more 


he 
204 


278 


Sewage Aeration 


Tanks 


Return 
Reaeration Activated 
Tanks Sludge 
—— 
Woste 
Activated 
Sludge 


FIGURE 15-6.—Sludge reaeration 
flow diagram. 


sludge in an aeration tank to effect this 
conversion. 

The flow diagram in 15-6 
shows a conventional method of apply- 
ing reaeration. The sludge as it re 
turns from the final settling 
aerated in a separate tank before it is 
added to the purified 
Thus the two major effects are accom- 
plished, sewage purification in the aera- 
tion tanks and sludge 
the reaeration tanks. 


Figure 


tank is 


sewage to be 


reactivation in 


The principal advantage of reaera- 
tion in a separate tank is that it in- 
creases sludge stability and increases 
the capacity of the activated sludge 
system to take shock loads and recover 
quickly. 
sludge system to resist changes, par 
ticularly as measured by the 
index, the quantity of 
sludge in the system. Reaeration in a 
tank 
supply of seed sludge which might not 
be affected by a‘ 
passing through the plant for a period 


The ability of an activated 


sludge 
depends on 
provides a eood 


separate also 


of toxie wastes 


slug”’ 


of sheht duration 


It is possible to reaerate sludge at 


concentrations up to 20,000 mg/l with 
out materially affecting the total air 
requirement. Reaeration does not 


seem to appreciably affect diffuser clog 
ging. 

Substantial quantities of process liq 
uids such as digester supernatant liq 
uor, vacuum filter effluent, 
small volumes of concentrated organic 


and even 


type industrial wastes may be treated 


in the reaeration tanks 


versely affecting the activated sludge 
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in the regular aeration tanks in any 


manner. Reaeration also provides a 


means of controlling the sludge index. 


15.26 Air Cleaning 


The air blown through diffusers must 
be clean if diffusers are to remain un 
clogged for substantial periods of time. 
The efficiency of air application is pro 
portional to the pressure required to 
drive the air through the diffuser sys- 
the higher the the 
greater the power required. The pres- 


tem ; pressure, 
sure at the blower is the total of the 
statie liquid pressure over the diffusers, 
by reason of depth of the liquid, the 
pressure losses in the piping, and the 
pressure loss produced by foreing the 
through the The first 
two pressures are relatively fixed by 
system design, but the pressure loss in 
the de- 
posited on the underside of and in the 
medium. 
standpoint, this loss should be kept to 


air diffusers. 


inereases as dust Is 


diffusers 


porous ‘rom an operating 
a minimum, 


In areas where dust or smoke is a 
minor problem, cleaning the air is also 


air 


Filtration of 


a minor problem. 


FIGURE 15-7.—Tank- and tube-cleaning 


accessories. 
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through paper filters, washing the air 
with water or oil, or impingement-type 
air cleaners will give fairly satisfactory 
results. Filters of these types remove 
the larger dust particles, but are inef- 
fective for removal of fine particles 
which cause most of the clogging prob- 
lems. 

Where dust and smoke are present 
in high concentrations, the best type of 


Electrostatic 
dust precipitators in combination with 
baw filters or preeoated bag filters are 
effective. 


air cleaning is required, 


Multiple filtration through 


15.31 Starting a New Plant 


sefore starting a new plant, it is im- 
portant that all tanks and piping are 
free of that all mechanical 
working order 
lubricated, and that 
filters, if available, are in place. 


debris, 
equipment is in good 
and properly air 

It is desirable to start treatment with 
about one-fourth to one-third of the 
incoming raw sewage flow, using only 
those portions of the plant needed to 
handle this flow. For example, one 
primary settling tank, one or two aera- 
tion tanks, and one final settling tank 
ean be placed in service. The primary 
effluent feed should be increased slowly 
and the entire flow of raw sewage may 
be treated when the suspended solids 
concentration in the mixed liquor 
reaches between 500 and SOO me/l. All 
the sludge settling in the final settling 
tanks must be returned promptly to 
the aeration tanks 

The quantity of air used must be suf- 
ficient to maintain dissolved oxygen in 
the mixed liquor. About 2 to 4 mg/1 
should be satisfactory. It is essential 
to provide sufficient agitation of the 
mixed liquor. Lack of it will permit 
the activated sludge to settle in the 
bottom of the aerators or in corners 
where it will become septic. 

Normally, a good activated sludge 
will be produced within one to four 
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15.3 NORMAL OPERATION 
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cloth is also an efficient dust removal 
method. Dust removal equipment may 
be installed on either or both the sue- 
tion and discharge of the blowers. 

Diffuser cleaning (Figure 15-7) is 
a difficult operation at best. Cleaning 
methods such as treating with muriatie 
acid, chromie-sulfurie acid, caustic soda, 
spalling, and sand blasting can be used 
effectively. Any of these methods are 
costly both in labor and materials and 
should be avoided as much as possible 
by the installation of effective air filter 
equipment, 


weeks. The growth of the biological 
sludge mass is retarded in cold weather 
and accelerated in warmer weather. 
Ilence, the prevailing air and sewage 
temperatures have a direct bearing on 
the time of development of a suitable 
floe. 


15.32 Solids Concentrations to 
be Maintained 


The quantity of activated sludge 
carried in the system should be as high 
as possible without impairing its set- 
tling quality or without depleting the 
dissolved oxygen in the aeration tanks. 
Ordinarily, the characteristics of the 
final settling tanks determine the quan- 
tity of activated sludge to be carried in 
the system. 

It is first assumed that all of the 
sludge is in the aeration tanks and that 
as little as possible is kept in the final 
settling tanks. In Figure 15-1, letters 
may be assigned to the various rates of 
flow. 

The average maximum rate of sew- 
age flow over a 4-hr period may be 
represented by S and the rate of flow 
of the return sludge by R. The rate of 
flow of the aeration liquor should then 
be R+ 8. The amount of suspended 


solids in the aeration liquor that can 
be maintained as a maximum ean be 
estimated as follows: 
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FIGURE 15-8.—Nomogram for determination of value of 30-min settling test. 


Sludge Volume (ml 


« 1,000 

R+S 

In the above generalization, it is as- 
sumed that the plant is well loaded. 
There are special cases, however, where 
the amount of air is limited, the load- 


* Result of 30-min settling test in 
inder. 


l ] cyl 


ing is low, or the aeration period is 
With these conditions, it 
sirable to the aeration tanks 
with a lower concentration of suspended 
solids in the aeration liquor. When 
the the rate of return 
sludge should be kept above the value 
given by the 30-min settling test for- 
mula or the 


Thus, if it 


long. is de- 


operate 
this is 


Case, 


Figure 
that 


values given in 


15-8. were found 
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test to exceed half that provided by the 
formula, the flow or return 
sludge should not be reduced to half, 
but should be reduced to three-fourths. 

The may 
be used to solve this formula by draw- 
ing a straight 


rate of 


homogram (igure 15-8 ) 
line between the values 
of R and S and reading the value of 
the 30-min settling test at its intersee- 
tion with Line V. 


15.33 Control 


Ilaving arrived at a value for the 
maximum settling test value as above, 
the rate of flow of the waste activated 
sludge should be adjusted to keep the 
test result between the computed value 
and 30 less than that value. Thus, if 
the computed maximum test 
keep the sludge volume 


settling 
value is 230, 
after 50 minutes’ settling between 230 
and 200. 

Where this control is not feasible, 
the level of sludge blanket in the final 
settling tanks can be used as a guide to 
wasting. 


sludge The level generally 


should not exceed foot above the 


tank bottom 


one 


In some cases, where activated sludge 
is wasted to the primary settling tanks, 
it is desirable to waste the sludge dur- 
ing periods of lowest sewage flow rates. 
This tends to improve the quality of 
the effluent from the primary settling 
tanks. 

The quantity of sludge in the aera- 
tion tanks is determined and controlled 
the 30-min settling test. 

the value of 
the corresponding aeration liquor sus- 


as above by 
To determine desirable 
pended solids, it is necessary to know 
the value of the sludge density index. 
The index is equal to the weight in 
grams of 1 ml of sludge after 30 min- 
utes’ settling. The method for deter- 
mining this value is found in ‘‘Stand- 
ard Methods’’ (1 In the following 
discussion, it will be called the sludge 
index. 
The 


nomogram (Figure 


15-9) 


en- 
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limited aeration prevented the settling 
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ables the computation of the sludge 


index by drawing a line between the 


and the sus- 
A, and reading 
the sludge index, J, at its intersection 
with Line JI. Likewise, given the 
sludge index and the settling test, the 
suspended solids can be determined. 
Since the volume of sludge that can 
be settled in a liter settling test is 
known, and the sludge index which re- 
lates volume to weight can be deter- 
mined, the computation of the maxi- 
mum suspended solids which should be 


settling test result, V, 
pended solids result, 


maintained in the aeration tank ef- 
fluent can be made. The volume of 
sludge that should not be exceeded 


in the bottom of the liter settling test 
1,000 

S+R 
the sludge index is known, the grams 
of dry solids in the liter graduate may 
be found by multiplying the value of 
1,000 I 

by 

S+h 


after 30 minutes is and if 


This result is the 


~ 100° 
maximum permissible grams of dry ae- 
tivated liter of 
To express the grams 
per liter found above in milligrams per 
liter, multiply by 1,000, 

Note that the the 
suspended solids concentra- 
tion. 
fied, 

For example, if a plant has a maxi- 
mum sewage flow rate of 1.0 mgd and 
a maximum return sludge rate of 0.4 
med, and the sludge index is 1.1, what 
maximum suspended solids concentra- 
tion can be maintained in the aeration 
tank effluent? 

The maximum allowable volume of 
sludge in a liter settling test after 30 
minutes is: 


sludge solids in each 


aeration liquor. 


above refers to 


Lower values can often be justi- 


0.4 


000 = 286 
0 +04 * 1000 mal 


The suspended solids in the aeration 
tank effluent is: 


286 X 100 X 1,000 = 3,146 mg 1 


= 
; 
| 
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FIGURE 15-9.—Nomogram for determination of sludge density index. 


Note that while the arithmetic is car- 
ried to four places, in actual practice 
this number may be thought of as con- 
siderably less accurate. For all prae 
tical purposes, + 5 per cent for aera- 
tion liquor solids control is excellent 
operation. Therefore, maintaining the 
solids level between 3,000 and 3,300 
mg] in this particular problem is satis- 
factory. Figure 15-10 indicates graph- 
ically the above relationship. 

It is not necessary to carry the aera- 


tion liquor suspended at the highest 
possible level, since in most eases puri- 
fication can be earried out to sub- 
stantially the same degree at lower con- 
centrations. There are, however, other 
reasons for carrying the solids at as 
high a level as possible. High aera- 
tion liquor suspended solids decrease 
the tendency for the sludge to bulk 
and reduce the frothing nuisance in 
the aeration tanks. Furthermore, the 
larger amount of activated sludge in 
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the system, the less will be the effect of With diffused-air aerators: 
shock loads or inhibiting substances. 


. . 1. Increase air discharge by: 
If one examines the above arithmetic, 


it becomes evident that as the sludge (a) Increasing the blower speed, 
index decreases, the maximum allow- 
able suspended solids in the aeration (b) Starting an additional blower. 
liquor decreases. 2. Decrease sewage rate of flow by: 
15 34 Dissolved Oxygen in Aera- (a) Placing more aeration tanks 

. q (b) Inereasing the flow rate 
15.341 Factors Controlling DO: through some of the tanks so 
The maintenance of dissolved oxygen that the rate of flow through 


in a given design of aeration tanks de- 


the others is low enough to 
pends on the following factors : 


keep the dissolved oxygen con- 


1. Quantity of air diffused and ab- centration at a proper level, 
sorbed in the aeration tank liquor, ped 
2. Retention period in the aeration (¢) Bypassing part of the aera- 


tanks. tion tank influent to the re- 
3. Streneth of sewage, and ceiving stream. (This pro- 
4. Concentration and character of cedure is undesirable and 
the activated sludge in the aeration should be used only as a last 
liquor. resort, 


15.342 Optimum DO Concentration: 

Keep the concentration of dissolved 
oxygen in the aeration tank effluent 1. Increase the speed of mechanical 
between 3 and 5 mg 1 when tests are device, if possible, 


With mechanical aerators: 


taken only once each day, or above 1 2. Place more aerators in service, or 
mg/l and below 5 mg/1 if tests are 4. Bypass part of aeration tank in- 
taken every 4 hr. The steps that may fluent to the disposal stream, if per- 
be taken to obtain this control follow: 


misstble. 


2 


1 


Aeration Liquor Suspended Solids 


0.5 0.33 0.25 
Sludge Density Index 


FIGURE 15-10.—Aeration liquor suspended solids—sludge index relationships. 
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15.4 OPERATION TROUBLES 


15.41 Symptom A—Sludge Index 
Changes 


Activated 
material, but 
rials. 


sludge is not a definite 


rather a class of mate 
Its specific properties are not 
constant due to the varying nature of 
the materials it is required to purify 
and to the different conditions to which 
it is subjected. Because of these varia 
tions, the sludge index changes from 


time to time. 


15.411 Cause:—When inert materials 
of high density, such as finely divided 
clay or solids of high ash content, are 
added, the index increases. 
When high organie loads, particularly 
of the dissolved variety, are added, the 
index 
indicate 


sludge 


decreases. 
that the 
tleable and usually is not accompanied 


Increasing indexes 


sludge is more set 
by problems in plant operation. Con 


ditions causing decreasing indexes, 
however, can create serious problems 
of sludge handling which may be suf- 
ficiently severe to cause the failure of 
the final settling tanks to separate the 
sludge from the treated sewage. When 
the index decreases sufficiently to in- 
terfere with the process, the sludge is 


said to be ‘‘ bulking 


15.412 Prevention and Cure: 


the sludge index decreases, it 


has been demonstrated that as 
is neeEees 
sary to decrease the aeration liquor 
suspended solids. 
out that the volume of the 
largely due to the 
crowths. When the index de- 
the brought 
by an increase in this jelly-like mate 
rial. Assume, that due to certain con 
ditions, with 2,000 mg 1 aeration liquor 
suspended solids, the this 
erowth inereases so that the sludge in 
dex from 1.0 to 0.5. This 
means that the weight of sludge in the 
aeration tanks must be reduced to one- 


It has been pointed 
sludge is 

microbiological 
shin ve 
about 


creases, change is 


volume of 


changes 


half its former value or to 1,000 me/1 
suspended solids if the same volume of 
handled. Normally, 


however, the tendency for rapid in- 
crease in the volume of the jelly-like 


sludge is to be 


microbiological growth is reduced when 
the aeration liquor solids are at a high 
level. It would appear, therefore, that 
as large an amount of activated sludge 
solids as possible should be maintained 
consistent with the ability of the aera 
tion facilities to provide dissolved OXV 
gen and with the ability of the return 
activated facilities to 


sludge remove 


sludge from the final settling tanks. 

2. Bulking of activated sludge may 
be controlled by the judicious applica 
The 


are 


tion of chlorine to return sludge. 

dosages cvenerally effective 
10 to 20 me /l on the basis of volume of 
sludge, <A 
way of dosing and expressing the re 
sults 


found 


return more satisfactory 
would be on the basis of dry 
the this 
basis, effective dosages of chlorine have 
been found to be 0.3 to 0.6 per cent of 
dry return sludge. 

The effect of chlorine in the control 
of bulking attributed to a 
number of causes. It now appears that 
the out the 
tenaciously held water associated with 
jelly like the 
sludge. The application of chlorine for 
the 


the causes of the 


solids in return sludge. On 


has been 


it has power of foreing 


material in activated 


control of bulking does not eure 
phenomenon and is 
effective as long as chlorine is applied. 
If the causes are not removed, bulking 
will after the cessation of 


soon reeur 


chlorination. 
3. A process has been developed for 
the control of the sludge index by eon- 
verting activated 
This sludge is then introduced 
normal 


digested sludge to 
sludge. 
the 
The principle of increasing the 
this 
the addition of digested sludge having 
a sludge index of 5 to 


into activated sludge SVS 


fem. 
sludge index in process involves 


3.3 to part of 
the activated sludge, aerating the mix- 
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ture for a proper period of time, and 
introducing the activated sludge so 
formed into the normal return acti- 
vated sludge to the aeration tanks. The 
increase in sludge index is proportional 
to the amount of digested sludge added 
when expressed in terms of dry solids. 


15.42 Symptom B—Rising 
Sludge 
15.421 Cause: 


to excessive 


This is possibly due 
nitrification. There are 
two disadvantages to the produetion of 
nitrates and the activated 
The first, and most ob- 
jectionable from the standpoint of plant 
operation, is the formation of rising 
sludge in the final settling tanks. If an 
aeration tank liquor containing nitrates 


nitrites in 


sludge process. 


is allowed to settle in a glass cylinder 
for a period of several hours, the 
sludge may first settle to the bottom of 
the cylinder. Soon minute bubbles will 
appear in the sludge and, after a pe- 
riod of time, the sludge mass 
may rise to the surface of the liquid. 
This action is caused by the utilization 


entire 


by bacteria of the oxygen in the ni- 
trates dissolved in the water with the 
resulting production of gaseous nitro- 
These bubbles 
of gas reduce the density of the sludge 
until part or all of the sludge floats to 
the This take 
place in a final settling tank, partieu- 
larly if an appreciable depth of sludge 
is allowed to accumulate in the tank. 
When sludge floats to the surface in a 
final settling tank, a large increase in 


gen and carbon dioxide. 


surface. action may 


the suspended solids is observed in the 
effluent leaving that tank. 

The second undesirable effect brought 
about by nitrates and nitrites is the 
fertilizing effect these compounds have 
on aquatic plants. 
extensively in a 
appreciable 


Plants may grow 
that contains 
concentrations of these 
compounds, and after these plants die, 
the organic 
deplete the 


stream 


matter they contain may 
oxygen in the stream and 


cause obnoxious odors. 
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15.422 Prevention and Cure:—When 
floating sludge appears in quantity on 
the final settling tanks, the following 
steps may be taken to remedy the con- 
dition : 


the rate of return ae- 
tivated sludge pumping from the final 
settling tank. This reduces the depth 
of sludge on the tank floor and in- 
creases movement of sludge toward the 
sludge withdrawal lines. 

2. Decrease the rate of flow of aera- 
tion liquor into the offending tank if 
the sludge depth cannot be reduced by 
increasing the return activated sludge 
withdrawal rate and if other tanks are 
available, 


1. Increase 


3. Inerease the speed of the sludge- 
collecting mechanism in the final set- 
tling tanks. This inereases the rate of 
removal of sludge, providing the sludge 
blanket is at a minimum. 

4. Decrease the nitrification by re- 
ducing aeration, or lowering the reten- 
tion period by taking some aerators out 
of service. 

Either or both of these methods are 
effective. If the retention period is 
reduced, additional aeration probably 
will be needed in the aeration tanks 
remaining in service. 


15.43 Symptom C-—Frothing 


15.431 Cause:—In recent vears, since 
the advent of synthetic detergents, a 
considerable nuisance has been produe- 
tion of froth in aeration tanks (Figure 
15-11). Froth tends to form on the 
side opposite to the aeration devices 
and accumulates until it flows over 
the walkways, making them slippery 
and hazardous while wet, and deposit- 
ing and dirt after drying. 
Wind causes the froth to blow about 
the plant soiling structures and creat- 
ing a health hazard for the plant work- 
men, 


grease 


The quantity of froth formed has 
been observed to inerease with the fol- 
lowing: 


: 


JOURNAL 


WPCF March 1961 


FIGURE 15-11.—Froth-covered aeration tank. 


1. Decrease in aeration liquor sus- 
pended solids, 

2. Inerease in aeration, 

3. Increase in degree of purification 
of sewage, 

4. Increase in atmospheric tempera- 
ture. 


15.432 Prevention and Cure: 
1. Use 


sewage 


effluent, or clarified 

the frothing 
This method may be a satisfactory con- 
trol, but is undesirable from the stand- 
point of wet walkways due to blowing 


water, 
sprays in 


areas, 


of the droplets of spray, and if sewage 
effluents are health hazard is 
introduced. 


used, a 


2. Apply defoamants in small quan- 


tities to the tank surface. Defoamants 
that the 
when applied in very 
They are not effee- 
periods of time, and re- 


are active materials remove 
froth rapidly 
small quantities. 
tive over long 
peated dosing, several times per hour, 
is necessary. 

4. Increase aeration liquor suspended 
This is the most 


Unfortu 


solids concentration. 


effective means of control. 
nately, it appears that the factor that 
controls the defrothing property is sus- 
pended solids concentration rather than 
settleable this method 


to be an effective control measure, it is 


volume. For 


necessary that the sludge density index 
be high. 


15.5 LABORATORY CONTROL 


15.51 Oxygen Determinations 
15.511 Dissolved Oxygen: 


dissolved oxygen must be maintained 
the 


Sinee 


throughout activated sludge 


SySs- 


tem, this test should be made at least 
once each day during maximum load 
Samples should be collected 
from the aeration tank, final settling 
tank, and return sludge system. 


periods. 


is 
3 
| 
x 
— 
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43 


Vol. 33, No. 3 
15.512 BOD: —The BOD of the final 
effluent, compared with that of the pri- 
mary effluent, gives the best measure 
of secondary treatment efficiency. <A 
high BOD removal accompanied by a 
low suspended solids removal may in- 
rising sludge. The 
BOD of the primary effluent indicates 
the load being applied to the activated 
sludge 


dicate bulking or 


process. This provides infor- 
mation to the operator upon which he 
may base decisions with regard to op- 
erational controls such as variations in 
compressed air application and aera- 
tion liquor solids concentrations. Tests 
for BOD should be made on composite 
samples daily and never less than twice 
weekly. 


15.52 Solids Determinations 
15.521 Suspended Solids:—Compari- 


son of final effluent and primary ef- 
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In the paper, ‘‘Temperature and Feed as Variables in Activated 
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fluent suspended solids provides an ad- 
ditional measure of secondary treatment 
efficiency. The suspended solids test 
results on mixed liquor are utilized in 
determining the sludge density index. 
This index is a very important tool in 
process control should be deter- 
mined each day to permit proper ad- 
justments in these controls. 

15.522 Settleable Solids: The re- 
sults of this test (30-min settling) are 
used in determining the sludge density 
index. 


and 


The test should be performed 
each day, sinee it provides both tech- 
nical control information and a rapid 
visual impression of the settleability of 
the activated sludge. 


Reference 


1. ‘*Standard Methods for the Examination 
of Water and Wastewater.’’ 11th Ed., 


Amer. Publie Health Assn., New York, 


(1960), 


Sludge Performance,’’ by F. J. Ludzack, R. B. Schaffer, and M. B. 
Ettinger, published in the Journal in February 1961 (33, 2, 141), the 


authors have requested a correction. 


The following paragraph should 


be substituted for the seeond paragraph beginning with ‘Further 


comparison 
lations, pave 15° 


If it is assumed that the unit volatile solids gain consisted of mate- 
rials having a similar oxygen demand, or COD as cell material, i.¢., 1.4 ¢ 


‘which is under the heading Solids and Oxidation Re- 


oxygen demand per gram, a crude estimate of process oxidation can be 


The 


reached. 


result is arbitrary because it is known that the basic 
assumption is not precisely followed. 


However, in Table IT at 5°, about 


O04 ¢ of unit volatile solids appeared per gram of influent oxygen de- 


mand. This represents 0.4 


tained about 0.3 @ of COD. 


1.4. or 0.56 g of COD. 


The effluent con- 


Then 0.56 + 0.30 accounts for about 86 


per cent of the influent demand, henee about 14 per cent should have 


been oxidized 


cent oxidation at 5 
Porges’ (14 
tion than on removal. 
not alike for all feeds. 


, S0-per cent oxidation at 30°, 
conclusion that temperature has a larger effeet on oxida- 
Likewise temperature effects on performance are 


Following the same manipulations, results in Table T at 
30> represent 66-per cent oxidation. 


In Table V results show 41-per 


This substantiates 


— 


TIPS AND QUIPS 


Five Ways to Ground Electrical 
Equipment * 


1. To fit a conventional two-wire appa- 
ratus with a third ground wire, connect a 
14 or 16 gage flexible copper wire to frame 
of the apparatus and dress wire along 
power cord to plug. Follow procedures in- 
dicated in the other illustrations, according 
to type of wiring in your home. 


& TUBE 


2. When the home is equipped with non- 
metallic cable or knob and tube installation, 
grounding is difficult. The pig tail of a 
three-wire plug or adaptor must be con- 
nected to an auxiliary ground—such as 
metal framework of buildings or water-well 
casings which lead to the earth. Never use 
gas pipes. When no such ground is avail- 
able, install ground rods, plates, strips, or 
other units meeting National Electrical 
Code requirements. 


comourt 


ARMORED Came 2) at 
| 


3. You can ground a three-wire electrical 
apparatus used with a conventional two- 
wire conduit or armored cable wiring sys- 
tem by plugging the pig tail from the three- 
wire plug to the receptacle plate screw. 


*From Tome Safety Review, fall 1960. 


4. You can adapt a three-prong plug to 
a conventional two-wire conduit or armored 
cable wiring installation by fastening the 
pig tail of the adaptor to receptacle plate 
screw. Such an adaptor can be purchased. 


5. This is the ideal method of home wir- 
ing. With three-wire installation through- 
out the home, you are protected from shock. 
The third wire drains all potential electric 
shocks to a common ground. 


Smog 


In a superb little pamphlet, the 
Air Pollution Foundation, 2556 Mis- 
sion St., San Marino, Calif., discusses 
‘*Air Pollution and in under- 
standable language. 

The Los Angeles smog, for example, 
is caused by a chemical reaction that 
takes place when auto exhaust is ex- 
posed to the ultraviolet light from 
the sun. The exhaust ingredients 
which participate in this reaction are 
nitrogen oxides and olefinic hydroear- 
bons. 

Surpisingly, perhaps, the — black 
smoke emanating from diesel engines 
in trucks and buses does not contribute 
significantly to the formation of Los 
Angeles-type smog. 
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The London, St. Louis, and Pitts- 
burgh smogs are something else again. 
They are characterized by a high con- 
tent of sulfur compounds and particu- 
late matter, and by a redueing effeet 
Angeles 
smog is characterized by its high eon- 
tent of 
nitrogen 


on chemical reagents: Los 
and 
its oxidizing 
effect on chemical reagents. 


ozone, organic matter, 


oxides, and by 
Moreoy er. 


London type Smog’ 


curs at night, or on cold foggy days, 
with the temperature below 50°F; Los 
Angeles-type smog oceurs chiefly in 
the middle of hot, sunny days, with 
the temperature usually in the range 
of 75 to 90°F. 


Construction Forecast 


The brightest spot on the economic 
1961 will be 
according to the annual outlook state- 
ment by F. W 
fact, Dodge economists expect that eon- 
will slight 
increase next year, despite an expected 


horizon in construction, 


Dodee ¢ ‘orporation. In 


struction contracts show a 
mild dip in general business activity. 
The 


WwW hole is not 


construction industry as a 
likely to be adversely 
affected by the expected business dip, 
the Dodge analysis indicated. Some 
seginents of construction, particularly 
those involving business spending, may 
go down next year, but publie projects, 
Which account for more than a third of 
the total, should strength In 
addition, easier money should help the 
least to the extent 
of preventing any further decline. 
The outlook statement indieates that 
total construction contracts in 1961 will 
amount to billion, a gain 
of 1 per cent over the estimated 1960 
level, and the 
on reeord. 
Most of the streneth in 1961 is ex- 
pected in contracts for heavy engineer 


show 


housing sector, at 


some S35.8 


highest figure 


second 


ing construction, that is. publie works 
and utilities. Tleavy engineering eon- 


tracts next year are forecast to total 
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$8.9 billion, a gain of 5 per cent over 
1960. Highway construction, which 
accounts for about half of all heavy 
engineering construction, is expected 
to set the pace in this category, backed 
up by strength in utility construction 
as well. 

Residential building contracts, by 
far the largest major construction eate- 
gory, are expected to be up about 1 
per cent next year, totaling some $15.3 
billion. 

Total private and public non-farm 
housing starts in 1961 are estimated 
at 1,325,000, a gain of 2 per cent over 
the 1960 estimated level of 1,300,000 
on the current Census Bureau 
of measurement. 

The report, published in the No- 
vember issue of Architectural Record, 
stated that there is some evidence that 


basis 


the backlog of housing demand is not 
as strong as it has been in the past, 
and that, while easier money will un- 
doubtedly upward = effect 
in 1961, it may not be anywhere near 


have some 
as great as in previous recessionary 
periods. 

Non-residential building contracts 
are expected to drop 2 per cent in 
1961 to $11.6. billion, principally be- 
cause of a falling off in business spend- 
ing for new industrial and commercial 
building offsetting 
the 
types. 

On balance, the report **con- 
struction contracts should move up- 
ward a little in 1961, ending the brief 
decline of 1960. The industry may 
well be resuming its upward course, 
paralleling the growth of the nation 
and the economy to be expected during 
the much-heralded and currently over- 
discounted Sixties. ”’ 


gains in some of 


other non-residential bnilding 


Tt is the duty of every man to pro- 
tect himself and those associated with 
him from accidents which may result 
in injury or death. 
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1960-61 OFFICERS 


President: Ray K. Lawrence 


Vice-President: Harry kK. Schlenz 


A. H. Niles 


Treasurer: 


Ewvecutive Secretary-Editor: Rh. E. Fuhrman 


PAST PRESIDENTS 


George J. Schroepfer .......... 1942-45 E. Sherman Chase ............ 1952-53 
1943-44 Louis J. Fontenelli ............ 1953-54 
Albert E. Berry ............... 1944-45 1954-55 
John K. Hoskins .............. 1945-46 W. 1955-56 
George S. Russell .............. 1947-48 Kenneth S. Watson ............ 1957-58 
1948-49 William D. Hatfield ............ 1958-59 


HONORS AND AWARDS 


Honorary Members 


The qualifications for Honorary membership in the Federation are set forth in Article 
Il, Section 4 of the Bylaws. Honorary Members are elected upon recommendation of a 
committee comprising the President and four latest Past Presidents, the senior Past Presi- 
dent as chairman, in accordance with a policy adopted by the Board of Control on October 
23, 1943. Honorary Members elected to date are as follows: 


Charles Alvin Emerson ............ 1941 Albert Edward Berry ............. 1954 
Arthar 5S. Bedell 1942 William Thomas Lockett ........... 1954 
Julius W. Bugbee ........... ... 1942 Gordon Maskew Fair .............. 1955 
Langdon Pearae 1942 1956 
Charles Gilman Hyde ............. 1945 1957 
Howard Eugene Moses ............ 1943 1957 
Flovd William Mohlman .......... 1944 1958 
1945 George J. Schroepfer ............. 1958 
F. Wellington Gilereas ............ 1948 1959 
Wilford Willis DeBerard .......... 1950 1960 


The Harrison Prescott Eddy Medal 


The Harrison Prescott Eddy Medal is awarded annually to a member of any Mem- 
ber Association of the Federation for outstanding research contributing in important 
degree to the existing knowledge of the fundamental principles or processes of sewage 
treatment, as comprehensively described and published during any stated year in the 
Federation Journal. The award commemorates Harrison Prescott Eddy, a famous engi- 
neer and a pioneer in the art of sewage treatment. 


* Deceased. 


. 
Harold Warner Streeter ...........1953 
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Past recipients of the award are: 
Harry Willard Gehm .............. L945 William J. Oswald, Harold B. 
John Raymond Snell .............. 1944 Gotaas, Harvey F. Ludwig, and 
Lloyd R. Setter ........ L945 L954 
1946 William J. Katz, William L. Lea, 
Richard Pomeroy and and Gerard A. Rohlich .......... 1955 
G. J. Schroepfer, W. J. Fullen, 
Ik. W. Kittrell and A. 8. Johnson, N. R. Ziemke, 
Peter 8. S. Dawson and W. E. Budd and 
Samuel H. Jenkins .............. 195] George F. Lambeth ............. L958 
George S. Benton, John C. Gever, Kdward R. Hermann and 
Wen-Hsiung Li, and Knut K, Earnest F’. Gloyna .............. 1959 
Donald Pierce Stephen A. Klein ............... 1960 


The George Bradley Gascoigne Medal 


The George Bradley Gascolgne Medal ls awarded annually to a member ol any Mem- 
ber Association of the Federation for outstanding contribution to the art of sewage treat 
ment works operation through the successful solution of important and complicated opera- 
tional problems, as comprehensively described and published during any stated year in 
the Federation Journal. This award is in memory of George Bradley Gascoigne, a 
prominent consultant from 1922 to 1940, who demonstrated an unusual interest in matters 
of sewage works operation. 


Past recipients of this award are: 


aes W.N. Wells and Clarence H. Scherer 1953 
James T. Lynch and Uhl T. Mann ...1944 Robert Ditmar Bargman ........... 1954 
John D. MeDonald ................ 1945 Abraham H. Chasick .............. 1955 
LeRoy Winfield Van Kleeck ....... 1946 Henry Oe ee 1956 
David P. Backmeyer .......... .. 1948 1958 
vd aes 1949 Robert D. Bargman, William F, 
Clarence E.. Keefer ............... 1950 Garber, and Joe Nagano ........ 1959 
195] Cecil D. Parker, Harold L. Jones, 
BSA 1952 and Neil C. Greene ............. 1960 


The Charles Alvin Emerson Medal 


The Charles Alvin Emerson Medal is awarded annually to a member of any Member 
Association of the Federation “for outstanding service in the sewerage and sewage treat 
ment works field, as related particularly to the problems and activities of the Water 
Pollution Control Federation in such terms as the stimulation of membership, improving 
standards of operational accomplishments, fostering fundamental research, ete.” This 
award honors Charles Alvin Emerson, who served as President of the Federation from 
1928 to 1941 and became its first Honorary Member. 


Past recipients are: 


Floyd William MohIman ...........1943 Frank Woodbury Jones ........... 1952 
Harold Warner Streeter ........... 1945 Charles C. Ruchhoft .............. 1954 
F. Wellington Gilereas ............ 1946 Merle Starr Nichols ............... 1955 
Pearse 1947 Sherman Chase 1956 
LeRoy Winfield Van Kleeck ....... 1948 1957 
Howard Eugene Moses ............ 195] Frederick H. Waring ............. 1960 


* Deceased. 
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The Industrial Wastes Medal 


The Industrial Wastes Medal was established in 1949 to be awarded annually in the 
form of a plaque to a member of any Member Association of the Federation for the most 
outstanding contribution by an industrial employee on any aspect of industrial wastes 
control, as published in the Federation Journal during the year preceding the award. 


‘i Past recipients are: 
Roy F. Weston, Robert G. Merman, K. KE. Dryden, P. A. Barrett, J. C. 
and Joseph G. DeMann .......... 1950 Kissinger, and W. W. Ecken- 
Robert J. Austin, Roy N. Giles, C. Hl. W. Bialkowsky and P. 5. Billing- 
T. Nicholson, and F. W. Scheine- th 1958 
1952 Roy H. Souther and Thomas A. 
N. H. Sanborn 1954 T. W. Beak, Claude de Courval, 
menneth &. Watson cack 1955 and Norman E. Cooke ........... 1960 


Charles R. Griffith 


The Kenneth Allen Award 


From 1943 through 1948, meritorious personal service to Member Associations was 
recognized by the Kenneth Allen Award. 


The award was retired in 1948. 


Recipients of this award have been: 


1945 


William Homer Wisely (Cen. St.) Edward F. Eldridge ( Mich.) 
John Kurtz toskins ( Fed.) Edward P. Molitor (N.J.) 
Harry Thornton Calvert (ISP) Robert S. Phillips (N.C.) 


Alfred Ilenry Weiters (Iowa) Fred Merrylield (Pac. N.W.) 


1944 


Leon Benedict Reynolds (Calif.) Albert Legrand Genter (Md.-Del.) 
Albert Edward Berry (Can.) F. Wellington Gilereas (N. Eng.) 
Wilson Waldo Towne ( Dak.) Charles A. Holmquist (N.Y.) 


Van Porter Enloe (Ga.) Dana Ewart Kepner (Rky. Mtn.) 


1945 
Dario Travaini ( Ariz.) George S. Russell ( Mo.) 

Joe Williamson, Jr. ( Fla.) Frederick Holman Waring (Ohio) 
Murray Alderson Wilson ( Kans.) Howard Eugene Moses (Pa.) 


1946 


. George W. Martin (Cen. St.) John R. Downes (N.J.) 
Frank E. DeMartini ( Fed.) Harold Benedict Gotaas ( N.C.) 
John Henry Garner (ISP) William P. Hughes (Pace. N.W.) 
Theodore R. Lovell (lowa) k. J. M. Berg ( Tex.) 


Thomas J. Dovle ( Mich.) 


1947 


William T. Knowlton ( Calif.) William Merriman Cobleigh ( Mont.) 
William Storrie (Can.) Stuart E. Coburn (N. Eng.) 

Floyd W. Pinney ( Dak.) Wellington Donaldson (N.Y.) 
Gilbert R. Frith (Ga.) Henry J. Dareey ( Okla.) 

Clarence E, Keefer (Md.-Del.) Carroll H. Coberly (Rky. Mtn.) 


1948 


George W. Marx ( Ariz.) F. Dean Stewart (Ohio) 
David Bryon Lee ( Fla.) Francis S. Friel (Pa.) 


William Q. Kehr (Mo.) 


Deceased, 
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196] 
The Arthur Sidney Bedell Award 


Established in 1948, the Arthui Sidney Bedell Award acknowledges extraordinary 
personal service to the Member Associations of the Federation. Kach Member Associa 
tion is privileged to name one of its members to receive the award, which may be earned 
by organizational leadership, administrative service, membership activity 
technical functions, or similar participation. 


, stimulation of 


The frequency of nomination varies from 
annually to once in three years, depending on membership. 


The award is named for the 
second President of the Federation, who exemplitied its purpose by his long devotion and 
contribution to the affairs of the New York Sewage and Industrial Wastes Association. 


Past recipients follow: 


Frederick Leon McDonald ( Ark.) 
Walter Asa Sperry (Cen. St.) 
Harold Warner Streeter ( Fed.) 
William Thomas Lockett (ISP) 
John L. Strelow (Towa) 


R. Paul Farrell (Ky.-Tenn.) 
Harry P. Croft (N.J.) 

William Piatt (N.C.) 
Carl Edwin Green (Pae. N.W.) 
Victor Mareus Ehlers (Tex.) 


Edward Alexander Reinke ( Calif.) 
Theodore J. Lafreniere (Can.) 
Leland Bradney ( Dak.) 

William Hugh Weir (Ga.) 

Abel Wolman (Md.-Del.) 

Herbert B. Foote (Mont.) 


LeRoy Wintield Van Kleeck (N. Eng.) 
John Chester Brigham (N.Y.) 

Frank S. Taylor (Okla.) 

Leonard Oliver Williams, Jr. (Rky. Mtn.) 
Hedgepeth ( Va.) 

Robert G. MeCall (W. Va.) 


John Clinton Clark ( Ala.) Roy Binder ( Kans.) 
Harold W. Yost ( Ariz.) Francis M. Veateh ( Mo.) 
John Robertson Hoy ( Fla.) Arthur H. Niles (Ohio) 
Charles Henry Trusler (ISE) John Raymund Hoffert (Pa. 
Harrison Hale ( Ark.) 

Don E. Bloodgood (Cen. St.) 

Walter F. Freeborn (ISP) 

Paul Bolton (Towa) 

Francis W. Kittrell y.-Tenn.) 

Clarence Theodore Mudgett ( Mich.) 


P. N. Daniels (N.J.) 
Herman Glenn Baity ( N.C.) 
Ray E. Koon (Pae. N.W.) 
George Ashby Rhame (S.C.) 


Wintred S. Mahle ( Tex.) 


Arthur T. Wintersgill ( Calif.) 
Douglas L. McLean ( Can.) 
John B. Kleven ( Dak.) 
Nathan M. deJarnette (Ga.) 
Ralph E. Fuhrman (Md.-Del.) 
Fred F. Palmer ( Mont.) 
Walter E. Merrill (N. Eng.) 


Anthony J. Fischer (N.Y.) 
Quintin B. Graves ( Okla.) 
Robert James Auld (P.R.) 
Charles G. Caldwell (Rky. Mtn.) 
Kugene C, Meredith ( Va.) 

Henry W. Speiden (W. Va.) 


* Deceased. 
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1954 


Arthur 


N. Beek ( Ala.) Leland A. Talbot (Kans.) 


Merle V. Ellis ( Ariz.) Charles A. Haskins ( Mo.) 
John W. Waketield ( Fla.) Theodore C. Schaetzle (Ohio) 
Max Priiss (Germany) Bernard S$. Bush (Pa.) 

. Gilbert T. Cotterell (ISE) Arnold Hoerler (Swiss) 


C. H. French ( Ark.) William F. Rapp (Nebr.) 


° Frederick G. Nelson (Calif.) Henry Van Der Vliet (N.J.) 
George J. Schroepfer (Cen, St.) R. C. Sweeney (N.Y.) 
Carl E. Schwob ( Fed.) P. D. Davis (N.C.) 
Leo Holtkamp (Lowa) Emil C. Jensen (Pae. N.W.) 
KF. T. Hambleton (ISP) T. R. Haseltine (Pa.) 
Herman D. Regan (Ky.-Tenn.) W. T. Linton (S.C.) 
James L. Love (La.) Nils Westberg (Sweden) 


Thomas J. Powers ( Mich.) J. HH. Sorrels ( Tex.) 


Arthur G. Pickett ( Calif.) Earl Devendorf (N.Y.) 


Ray J. Desmarais (Can.) Bruce M. MeDill (Ohio) 
W. W. Mathews (Cen. St.) William J. Bishop (Okla.) 
John E. Kiker, Jr. ( Fla.) C. H. Young (Pa.) 
Charles E. Drummond, Jr. (Ga.) Luis Ramos Robles (P. R.) 
W. MeLean Bingley (Md.-Del.) Richard Messer ( Va.) 
Rodney Preator ( Mont.) Harry K. Gidley (W. Va.) 


Steven M. Hurley, Jr. (N. Eng.) 


Joseph L. Crockett (Ala.) Robert A. Greene ( Mich.) 


Leigh Owen Gardner ( Ariz.) Lindon J. Murphy (Mo.) 

Alvin A. Appel (Calif.) Henry F. Munroe (N. Eng.) 
Gordon Henry Baker (Can.) ' Louis J. Fontenelli (N.J.) 

O. J. Muegge (Cen. St.) Raymond W. Hess (N.Y.) 

David B. Smith (Fla.) Carl D. MeGuire (Ohio) 
Friedrich Wilhelm Sierp (Germany) Robert O. Sylvester (Pac. N.W.) 
Myron K. Nelson (Kans.) Howard T. Reuning ( Pa.) 


C. W. Oxford ( Ark.) Victor J. Lechtenberg (Nebr.) 


Raymond R. Ribal ( Calif.) Robert S. Shaw (N.J.) 
Clarence S, Anderson (Can.) Uhl T. Mann (N.Y.) 

C. C. Larson (Cen. St.) George S. Rawlins (N.C.) 
Ralph H. Baker, Jr. ( Fla.) Kenneth H. Spies (Pace. N.W.) 
KF. W. Allen (ISP) Roy F. Weston (Pa.) 

Hl. S. Smith (Towa) T. E. Robertson (S.C.) 

S. Leary Jones (Ky.-Tenn.) Elof Lyungholm (Sweden) 


A. J. Szabo (La.) 
Donald M. Pierce (Mich. 


Roger Moehlman ( Tex.) 


* Deceased. 
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Richard Pomeroy (Calif.) A. F. Dappert (N.Y.) 
William L. MeFaul ( Can.) D. Sheets (Ohio) 
Kerwin L. Mick (Cen. St.) R. Holden ( Okla.) 
Louis W. Veigel ( Dak.) » D. Matter (Pa. 

Marion B. Nixon (Ga.) i. Flaque-Garces (P.R.) 
A. J. Kaplovsky (Md.-Del.) . P. Lowe (Rky. Mtn.) 
Harlan P. Dodge ( Mich.) ’. H. Connell ( Tex.) 
Irving J. Staid ( Mont.) Frank H. Miller ( Va.) 
Walter M. Kunsch (N. Eng.) Glen O. Fortney (W. Va.) 


1¢ 
L90U 


C. L. Gray (Ala.) J. EK. Johnston ( Miss.) 

Art F. Vondrick ( Ariz.) Jack K. Smith ( Mo.) 
Sydney Preen (Calif.) Earl R. Howard (N. Eng 
Antoine V. Delaporte (Can.) Andrew Palmer (N.J.) 
Robert W. Frazier (Cen. St.) C. E. Irving (N.Y.) 

M. E. Dawkins ( Fla.) Ronald Hicks (New Zealand) 
Franz Schmitz-Lenders (Germany) kK. F. Wittmer (Ohio) 

B. A. Poole (Ind.) R. T. Smith (Pae. N.W.) 

N. J. Tatman (IPHE) Harry W. McElhaney (Pa.) 
James F. Aiken, Jr. (Kans. André Kropt (Swiss) 

Jack E. Cooper ( Mich.) Lynn M. Thatcher (Utah) 


The William D. Hatfield Award 


Mareh 1961 


For the years 1946 through 1954, the William D. Hatfield Award recognized out 
standing annual sewage works operation reports. After the first year, awards were made 


on the basis of plants serving (1) le han 10,000 population, (I1) populations of 10,000 


to 100,000, and (III) populations of more than 100,000, 


This award was revised so that since 1956 it has been given for outstanding works 


operation. At that time, the Trequency ol this nomination was changed to correspond 
third year, 


with the Bedell Award which is given each year, alternate years, or each 


depending on the number of members within the Member Association. 


Recipients of this award have been: 
1946 1950 
Walter M. Kunseh William L. Edwards 1) 
He Walter A. Sperry IL) 
194; John R. Szymanski (IT) 
I. E. Peterson (1) John W. Johnson (IIT) 
John R. Szymanski (11) 
Warren HH. Sleeger and George .- 
Schroepfer (111) 


1077 


William L. Edwards (1) 
J. KE. Meers (IL) 

1948 John R. Szymanski (11) 
George HL. Craemer (111) 


Kerwin L. Mick (IIL) 


E. Peterson (1) 
Thomas T. Hay (IT) 
Kerwin L. Mick (III) 1985.9: 


1949 195-4 
Russell D. Craun (1) Uhl T. Mann (11) 


George W. Martin (11) J. E. Meers (IT) 
Thomas T, Hay (IT) C. W. Christenson ( Indus.) 


15: no au ard. 


Or 
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19560 
Murray B. McKinnie 
I. G. Knoebel (Cen. St. 
Robert E. Simon ( Fla.) 


KF. W. Crane (N.Y.) 


HONORS AND AWARDS 


‘alif.) 
) 


Arthur D. Caster (Ohio) 


Curtis L. Glenn ( Okla.) 
Robert Bolenius ( Pa.) 
A. F. Chamblin ( Va.) 


Gordon Remsburg (Md. 


George H. Craemer (N. 


19057 


-Del.) 
Eng 


Owen D. Waldrep ( Ala.) 


Edward E. Bayze ( Ariz.) 


Edward ©, Sampson (C 


Douglas J. Davidson (( 
Ronald A. Kronewitter 


alif.) 


yan. ) 


(Cen. St.) 


Clifford M. Courson ( Fla.) 


Lyle Cunningham (Kans.) 


J.C. Marshall ( Mich.) 
Walter C. Anderson (N 


Anthony J. Maeri (N.J. 


Uhl T. Mann (N.Y.) 
Andrew J. Wahl (Pae. 


. Eng.) 


) 


N.W.) 


King H. Hendrickson (Pa.) 


19 


Dan Millender ( Ark.) 
Melvin F. Klemmick (¢ 
Charles Hicks (Can.) 


‘alif.) 


Kerwin L. Mick (Cen. St.) 


Daniel J. Raye (Fla.) 
M. F. Neuzil (Iowa) 


Walter T. Blackman, Sr. (Ky.-Tenn.) 


Stanley J. Mogelnicki ( 
Loren Brannen ( Nebr.) 
William 8. Applegate ( 
John O. Laird (N.Y.) 

John L. Brown (N.C.) 


Mich.) 


N.J.) 


Membership Prizes 


T 


1959 


1960 


George E. Toole, Sr. (Calif.) 
Frank I. Vilen (Cen, St.) 
Chester O. Sherva ( Dak.) 
Leonard E. Waller (Ga.) 
Hugh A. Schreiber (Md.-Del.) 
C. Preston Witcher ( Mich.) 
Clarence V. Hickey (N. Eng.) 
J. M. Brown, Jr. ( N.Y.) 
James H. Blodgett (Ohio) 
John Mullins (Okla.) 

G. H. Boone (Pa.) 
Ruben A. Guzman (P.R.) 
W. N. Wells (Tex.) 
James Dooley ( Va.) 


James L. Slovensky ( Ala.) 
EK. O'Neal Dye ( Ariz.) 
William R. Teague ( Calif.) 
William Hardy (Can.) 

D. A. Whitlock (Cen. St.) 
George T. Lohmeyer (Fla.) 
W. W. Mathews (Ind.) 

V. W. Pickering (Kans.) 
Lloyd B. Tompkins ( Mich.) 
Sidney C. Smith (Mo.) 
Steven A. Stankey (N. Eng.) 
Edward F. Lawler (N.J.) 
Fk. J. Cramer (N.Y.) 
Keith Davis (New Zealand) 
C. Schaetzle (Ohio) 
James R. Burns (Pac. N.W.) 
Paul Cygan (Pa.) 
Emil Meyer (Utah) 
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Kenneth E. Mathews (Pac. N.W.) 
Paul N. Longley (Pa.) 
Frank M. Gibson (S.C.) 
Carl Alm (Sweden) 

L. Allison ( Tex.) 


Prizes for membership activity in its various Member Associations have been awarded 
1943. The numerical prize is given to the Member Association 
having the greatest numerical increase in membership during the year ending September 


by the Federation since 


30 of the award year. 


in membership during the same period. 


ceived these prizes: 
Association 
Year Num. % 


1943 Cen. St. Fed. 
1944 Cen. St. Mo. 


1945 Can. Ariz. 
1946 Can. Okla. 
1947 ISP Ark. 
1948 Pa, W. Va. 


The percentage prize is given for the greatest percentage increase 


Association 


Year 
1949 
1950 
1951 

1952 
1953 
1954 


Num. 
Ohio 
lowa 
Mich. 
Cen. St. 
Calif. 
Pa. 


Year 
1955 
1956 
1957 
1958 
1959 
1960 


The following Member Associations have re- 


Assoc iation 


Num. 
Mich. 
Cen. St. 
Fla. 
Mich. 


Rky. Mtn. 


Ind. 


% 
Ga. 
Ky.-Tenn. 
Rky. Mtn. 
P. 
Nebr. 
New Zealand 


) 
| 
La. 
ISK 
Fla. 
P.R. 
|| 
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The Quarter Century Operators’ Club 


The Quarter Century Operators’ Club is an informal group comprising Active or 
Corporate Members of any Member Association who had been engaged in sewage treat- 
ment works operation, on a full-time resident basis, twenty-five years prior to the date 
of their admission into the Club. The Club was created in 1941 under the sponsorship 
of Frank Woodbury Jones, who served as its first registrar. The present registrar is 
Henry Van Der Vliet. 


Philip Artese Michael A, Groen K. L. Nanee 

Harry M. Beaumont William P. Gyatt I. H. Nevitt 

Don E. Bloodgood C. Austin Habermeh| Arthur Il. Niles 
Floyd G. Browne George A. Hall Andrew Palmer 
Raymond G. Case Wm. C. Hamm John R. Palmer 
Samuel Cenicola Herbert W. Hansen Williard P. Pfeifer 
Kk. Sherman Chase George I. Hanson Theodore C. Schaetzle 
Morris M. Cohn T. R. Haseltine Glenn Searls 

John W. Collom William D. Hatfield Willard R. Smith 
Rodney E. Cook T. R. Komline Walter A. Sperry 

P. N. Daniels Harry J. Krum H. W. Streeter 
Nicholas De Haas, Sr. William R. Lafferty John Struss 

Joel Clifford Dillard Roy 8S. Lanphear Myron W. Tatlock 
M. 8S. Fitzsimmons Carl C. Larson S. L. Tolman 

George E. Flower Harry C. Lewis John C. Truax 

Louis J. Fontenelli John V. Lewis Henry Van Der Vliet 
Harry M. Freeburn George S. Long Edwin B. Wagener 
KE. D. Fry Wintield S. Mahlie Oscar Ward 

G. L. Fugate C. D. MeGuire W. W. Watmough 
Ralph E. Fuhrman Edwin C. MeKeeman Gordon J. Weist 
Albert J. Gadomski Kk. F. Miltnez Charles E. Wheeler, Jr 
Arnold H. Goodman C. T. Mudgett 


ANNUAL MEETINGS AND CONVENTIONS 


No. Location Date No. Location Date 
L Chicago, Ill. Oct. 16, 1928 17 Pittsburgh, Pa. Oct. 12-14, 1944 
2 New York, , 1929 1S Chicago, Hl. Oct. 17-18, 1945 
New York, , 1930 19 Toronto, Ont., Can. Oct. 7-9, 1946 
New York, 19: 20 San Francisco, Calitf.+ July 21-24, 1947 
New York, 2, 193: Philadelphia, Pa. Oct. 10, 1947 
i} New York, , 193: 21 Detroit, Mich. Oct. 18-21, 1948 
7 New York, 19: 2? Boston, Mass. Oct. 17-20, 1949 
New York, Washington, D.C. Oct. 9-12, 1950 
9 New York, St. Paul, Minn. Oct. 8-11, 1951 
10 New York, 25 New York, N. Y. Oct. 6-9, 1952 
Ll New York, 26 Miami, Fla. Oct. 13-16, 1953 
12 New York, Cincinnati, Ohio Oct. 11-14, 1954 
13 New York, . Atlantie City, N. J. Oct. 10-13, 1955 
Chicago, 3-9, If 29 Los Angeles, Calif. Oct. 8-11, 1956 
14 New York, N. Y. Jan. 15, 1941 30° Boston, Mass. Oct. 7-10, 1957 
New York, N. Y.+ ‘t. 9-11, 1941 31 Detroit, Mich. Oct. 6-9, 1958 
15 Cleveland, Ohio ‘t, 22-24, 1942 32 Dallas, Tex. Oct. 12-15, 1959 
16 Chieago, Ill. ‘t. 21-25, 194: 33 Philadelphia, Pa. Oct. 2-6, 1960 


* Annual business meeting of Board of Control only. 
t Convention of membership-at-large only. 
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1960-61 
CONSTITUTIONAL COMMITTEES 


‘ (See Article VI of Bylaws) 


Executive Committee of the Board of Control 


Ray E. Lawrence, Chairman 


Harry Schlenz, Vice-Chairman 


M. A. Churchill M. D. Hollis H. Harvey Hunt 
W. A. Darby A. J. Steffen 


General Policy Committee 


M. D. Hollis, Chairman 


R. E. Lawrenee, Vice-Chairman 


J. 


J. Gilbert W. D. Hatfield S. Watson 


Finance Committee 


The Finance Committee develops the annual operating budget of the Federation and 
affords guidance to the Board of Control in financial affairs. 


J. 


Orchard, Chairman 


Orth, Vice-Chairman 


R. BE. Lawrence A. H. Niles 


Publications and Program Committee 


The Publications and Program Committee arranges the technical programs for the 
annual conventions of the Federation and has general supervision of all publications of 
the Federation. 


George E. Symons, Chairman 


Paul Haney, Vice-Chairman 


C. S. Anderson Hurwitz A. Pearson 
H. H. Black t. R. Kennedy G. Rohlich 

D. Bloodgood W.N. Konrad W. W. Saxton 
R. Fuhrman C. C. Larson C. R. Walter 

J.B. Hanlon D. B. Lee Kk. S. Watson 


R. Howard 


Oeming 


. Weston 


Organization Committee 


The Organization Committee examines and reports to the Board on applications for 
membership in the Federation and endeavors to encourage the formation of new regional 


associations or conferences eligible for inembership. 


J. W. Wakefield, Chairman 


A. Poole, Vive Chair man 


G. A. Howell W. Q. Kehr WwW. W 


. Saxton 


} 4 
° 
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Sewage and Industrial Wastes Practice Committee 


The Sewage and Industrial Wastes Practice Committee reviews and directs for pub 


lication any resolution, report, or publication which establishes professional or technical 


standards in the name of the Federation. The following Manuals of Practice have been 


published under the direction of the Committee: 


No. 1—Safety in Wastewater Works (1959) 

No. 2—Utilization of Sewage Sludge as Fertilizer (1946) 

No. 3—Municipal Sewer Ordinances (1949, Reprinted 1957) 

No. 4—Chlorination of Sewage and Industrial Wastes (1951) 

No. 5—Air Diffusion in Sewage Works (1952) 

No. 6—Units of Expression for Wastes and Waste Treatment (1958) 
No. 7—Sewer Maintenance (1960) 

No. 8—Sewage Treatment Plant Design (1959) 

No. 9—Design and Construction of Sanitary and Storm Sewers (1960) 


Morris M. Cohn, Chairman 


D. E. Bloodgood, Vice-Chairman 


R. D. Bargman R. BE. Fuhrman D. M. Pierce 

J. F. Byrd M.S. Hilbert M. L. Robins 

A. D. Caster Kk. R. Howard L. W. Van Kleeck 
T. W. Clapham C. E. Keefer IK. M. Veatch 

EK. A. Farmer A. H. Niles J. J. Wirts 

Hf. Orford 


Subcommittee on Sewer Maintenance 


This Subcommittee has developed a Manual of Practice entitled “Sewer Mainte 


nance.” The manual was published in 1960. 


lapham, Chairman 


A. A. Appel, Vice-Chairman 


N.S. Bubbis MI. B. Nixon Sydney Preen 
H. J. Graeser G. M. Olewiler L. kK. West 
L. Klamm 


Subcommittee on Standardization of Units 


This Subcommittee of the Sewage and Industrial Wastes Practice Committee has been 
assigned to develop an approved schedule of units to be used in the reporting of plant 


operation and laboratory data. A committee of about forty members is engaged in 


revising a preliminary draft. 


H. E. 


Orford, Chairman 


Subcommittee on Trickling Filters 


This Subeommittee of the Sewage and Industrial Wastes Practice Committee is en 
gaged in the development of a Manual of Practice to be entitled “Trickling Filters—Their 


Characteristics and Loadines.” 


J. W. Kimm, Chairman 


B. 


Kenneth V. 


F. Hatch IT. F. Seidel Wim. E. Stanley 
Hill Graham Walton 
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Sewage and Industrial Wastes Practice Committee (Cont.) 


Subcommittee on Paints and Protective Coatings 


This Subcommittee has the function of assembling experience and data on paints and 
protective coatings used in sewage works, to be presented with recommendations in the 
form of a manual. The Subcommittee was created in 1946 and the first draft of the 
manual is now being prepared for critical review. 


M. L. Robins, Chairman 


Virgil Anderson L. S. Kraus KF. W. Pinney 
J. W. Johnson K. LL. Mick Walter A. Sperry 


Subcommittee on Vacuum Filtration of Sludge 


This Subcommittee was created in 1951 for the purpose of developing a Manual of 
Practice on vacuum filtration of sewage sludge. 


k. R. Howard, Chairman 


kK. B. Cobb W. E. Stanley 
J. D. MeDonald L. W. Van Kleeck 


Subcommittee on Operation of Sewage Plants 


This Subcommittee was created in 1953 for the purpose of developing a Manual of 
Practice on sewage plant operation. 


D. M. Pieree, Chairman 


A. P. Troemper, Vice-Chairman 


W. M. Bingley EK. F. Eldridge A. H. Niles 

Bloodgood R. Fuhrman C. I. Sterling, Jr. 
J. Crafts G. E. Griffin G. E. Symons 

P. N. Daniels L. S. Kraus L. W. Van Kleeck 


Industrial Wastes Manual Subcommittee 


This Subeommittee was created in 1957 to review the availability of manuals from all 
sources concerning the treatment of industrial wastes and to determine the need for 
additional manuals, if any, that should be prepared by the Federation. 


J. F. Byrd, Chairman 


L. Birkel C. W. Hathaway G. M. Neas 
R. M. Drummond R. F. Rocheleau 


Works Finance 


Sewage Subcommittee 


This Subcommittee was created in 1957 to study the need for 


a manual on sewage 
works finaneing. 


kK. A. Farmer, Chairman 


A. A. Estrada G. Hauer kK. M. Veatch 
Paul Haney Roy Ritter S. 1. Zack 
Kenneth Spies 


Subcommittee on Sanitary and Storm Sewer Desiqn 


Since 1953 this Subcommittee has served jointly with representatives of the Ameriean 
Society of Civil Engineers to develop a Manual of Practice. The Manual, “Design and 
Construction o 


Sanitary and Storm Sewers,” was published in 1960, 


C. G. Gaither L. L. Sphar C. R. Velzy 
H. S. Smith S. I. Zack 
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Sewage and Industrial Wastes Practice Committee (Cont.) 


Subcommittee on the Revision of Federation Manual of Practice No. 


A. D. Caster, Chairman 


Dobb R. S. Phillips F. Smallhorst 


A. H. Niles A. J. Steffen 


Subcommittee on Sludge Digestion 


This Subcommittee was created in 1958 to prepare a Manual of Practice on sludge 


digestion as applied to wastewater treatment. 


Bareman, Chairman 


C. B. Carpenter R. R. Kennedy D. M. Pierce 
W. F. Garber M. F. Neuzil R. H. Ritter 
W. N. Grune W. A. O'Leary H. A. Sehreiber 
R. H. Howe E. S. Ordway J. W. Townsend 


Subcommittee on Fringe Area Sanitation 


This Subcommittee was created in 1958 to study and prepare a Manual of Practice 
on wastewater collection and disposal problems of residential and commercial develop- 


ment in fringe areas of communities. 


M. S. Hilbert, Chairman 


C. F. Abel M. C. Hope H. F. Ludwig 
S. A. Berkowitz R. J. Johnson KE. H. Olsen 
J. M. Coulter L. Kraus E. L. Stockton 


Research Committee 


The Research Committee has the function of stimulating research work among the 
various Member Associations, and of cooperating with other organizations in the pro 


motion of research. The Committee makes an annual review of the literature on sewage, 


waste treatment, and water pollution. 


H. 


Heukelekian, Chairman 


R. Manganelli, Vice-Chairman 


H. G. Harding P. H. MeGanhey 

EK. J. Berg J. D. Helwig R. Porges 

H. F. Clark R. D. Hoak \. J. Steffen 

C. H. Connell R.S. Ingols Straub 

W. E. Dobbins W. M. Ingram C. M. Tarzwell 

G. P. Edwards P. W. Kabler G. H. Teletzke e 
M. B. Ettinger M. Katz W. W. Towne 

D. G. Foulke IF. W. Kittrell H. A. Trebler 

T. D. Furman N. J. Lardieri EK. C. Tsivoglou 

P. Gattney H. G. Luley Weisberg 
I. Gellman R. L. Woodward 


Committee on Nominations 


The special Nominating Committee was created by the Board of Control on October 
9, 1946, to funetion in an advisory capacity to the Election Committee. The Nominat- 
ing Committee is to comprise the last five living Past Presidents, with the senior Past 


President as chairman. 
W. Martin, ( hairman 


C. Jensen, Vice-Chairman 


W. D. Hatfield M. D. Hollis K. S. Watson 
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Committee on Standard Methods of Sewage and Industrial Wastes Analysis 


Created by the Board of Control on January 22, 1931, the Committee on Standard 
Methods of Analysis was given constitutional status in October 1953. The Committee 
develops, perfects, and modifies standard methods for the analysis of sewage and indus- 
trial wastes and of sludges or by-products therefrom. It also functions with similar com- 
mittees of the American Water Works Association and American Public Health Associa- 
tion in the production of the laboratory manual Standard Methods for the Examination 
of Water and Wastewater, the eleventh edition of which was published in 1960. 


R. S. Ingols, Chairman 


W. A. Moore, Vice-Chairman 


Bloodgood W. D. Hatfield J. C. Morris 


A. M. Buswell W. L. Henderson F. E. Nussberger 
C.J. Carney LD). Hernandez T. R. Ostrom 

W. A. Cawley R. D. Hoak R. Pomeroy 
N.S. Chamberlin kK. F. Hurwitz M. C. Rand 

G. Chanin J. KE. Kinney M. L. Robins 

J. M. Cohen R. R. Kountz G. A. Rohlich 

M. Dannis J. B. Lackey W. W. Sanderson 
t. V. Day J. C. Lamb, IT K. L. Schulze 

G. P. Edwards G. W. Lawton L. R. Setter 

S. Faust K. M. Mackenthun 0. C. Sieverding 
K. Fraschina H. C. Marks V. T. Stack, Jr. 
P. FE. Gaffney M. G. Mellon C. M. Tarzwell 
>. L. Goodman G. B. Morgan W. W. Ullmann 


Gurnham 


R. F. Weston 


Industrial Wastes Committee 


The Industrial Wastes Committee was created by the Board of Control on October 
25, 1943, for the purpose of developing interest in this important field and to direct a 
program whereby the Federation may be of service in industrial waste problems. 


Kk. S. Watson, Chairman 


T. Renning, Vice-Chairman 


V. W. Bacon C. Fair S. J. Mogelnicki 

Kk. B. Besselievre W. J. Fullen L. F. Oeming 

H. H. Black Harry Gehin G. A. Pettit 

BE. Bloodgood C. F. Gurnham R. E. Rostenbach 
J. Byrd R. J. Keating C. N. Sawyer 

G. Chanin Hugh Kline A. J. Steffen 

H. F. Elkin Kerry Mills R. F. Weston 
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SPECIAL COMMITTEES 


Committee on Personnel Advancement 


Authorized by the Board of Control on October 11, 1941, this Committee is assigned 


to “establish minimal qualifications for operators of various classes of treatment works.” 


The Committee also has the duty of collecting and compiling data on present procedures 
| 


in the licensing and certification ot operators tor reference to Member Associations. 


W. A. Hasfurther, Chairman 


M. 


Neuzil, Vice-Chairman 


Benjamin Benas Ernest Hamilton Sol Seid 


J. E. Cooper D. M. Pierce Il. S. Smith 
G. R. Frith T. J. Powers S. L. Warrington 


T. C. Schaetzle 


Awards Committee 


L. S. Kraus, Chairman 


Subcommittee on Eddy Award 


Gever, Chairman 


R. Hermann R. Manganelli 


Subcommittee on Gase ovgne Award 


D. P. Backmeyer, Chairman 


T. T. Hay W. A. Sperry 


Subcommittee on E merson Award 


E. Sherman Chase, Chairman 


Boyce W. D. Hatfield 


Subcommittee on Industrial Wastes Award 


R 


Tavlor, Chairman 


IT. 


Souther 


Honorary Membership Committee 


Authorized by the Board of Control on October 24, 1942, this Committee is comprised P 
of the President and four latest. Li ng Past Presidents with the senior Past President as 
chairman. The Committee reviews nominations for election to the grade of ILonorary 


Member and makes recommendations to the Board on such nominations. 


Jensen, ( hairman 


E. La wrence 


S. Watson 


Resolutions Committee 


The Resolutions Committee was created by the Board ot Control on October 9, 1958, 


Tts function is to reco end to the Board of Control appropriate resolutions, 


Beatty. Chairman 


C. H. Billings T. T. Hay 


2 4 
> 
: 
j 
rad W. W. Eckenfelder 
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W. D. Hatfield 
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Legislative Analysis Committee 


The Legislative Analysis Committee was created by the Board of Control on October 
17, 1945, to study legislation pertinent to the interests of the Federation and to serve the 
Board in advisory capacity. 


R. 8. Shaw, Chairman 


J. HW. Allen R. K. Horton D. B. Lee 
V. W. Bacon K. Krause D. F. Smallhorst 
C. M. Everts, Jr. C. R. Walbridge 


Quarter Century Operators’ Club Committee 


The special Quarter Century Operators’ Club Committee was created by the Board 
of Control on October 9, 1946. It is the function of this Committee to establish eligibility 
requirements, process membership applications, maintain the roster, and supervise the 
activities of the Quarter Century Operators’ Club. 


H. Van Der Vliet, Chairman 


H. W. Streeter 


Andrew Palmer 


Constitution and Bylaws Committee 


The Constitution and Bylaws Committee was created by the Board of Control on 
October 10, 1947, to review and develop recommendations for the amendment of the 
Constitution and Bylaws of the Federation as may be deemed advisable under changing 
conditions. 


G. J. Schroepfer, Chairman 


R. F. Weston, Vice-Chairman 


Kk. Boyce W. J. Orchard M. L. Robins 
F. J. McKee W. H. Wisely 


Safety Committee 


This Committee was created in 1954 for the purpose of maintaining close liaison be- 
tween the Federation and the National Safety Council in the fields common to both 
organizations, 

J.J. Wirts, Chairman 


G. L. Burt W. W. Mathews W. N. Torpey 
U. T. Mann H. A. Schreiber L. W. Van Kleeck 


Public Relations Committee 


This Committee was created in 1957 to determine what activities could be undertaken 
in the field of stream pollution control and waste treatment, and to help the Federation 
to direct its activities accordingly. 


G. A. Howell, Chairman 


K. S. Watson, Vice-Chairman 


C. H. Billings C. C. Larson H. Sanat 


A. C. Bryan Dd. B. Lee E. 8. Tisdale 
lL. S. Dukes H. Ludwig J. A. Zaffle 


J. E. Meers 
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Nuclear Wastes Committee 


This Committee was created in 1957 to study the responsibility of the Federation in 
this role and recommend activities in harmony with the Federation’s objectives. 


J. M. Smith, Jr... Chairman 


R. KE. Foster W. N. Grune B. A. Poole 
EK. F. Gloyna W. J. Kaufman C. P. Straub 
J. A. Lieberman 


JOINT COMMITTEES WITH OTHER ORGANIZATIONS 


(Also see SEWAGE AND INDUSTRIAL Wastes Practice COMMITTEE) 
Federation Representatives, ASEIB 


This Committee was authorized by the Board of Control to represent the Federation 
on the American Sanitary Engineering Intersociety Board. The objectives of this Board 
include recognition of sanitary engineers through formal certification. 


WPCF Representatives 


E. C. Jensen H. Ludwig D. F. Metzler 


Joint Committee on Chlorine Supply 


On October 11, 1951, the Board of Control authorized participation in the Joint Com- 
mittee on Chlorine Supply with the American Water Works Association and the Confer- 
ence of State Sanitary Engineers. The objective of the Committee is to study problems 
of chlorine supply and distribution in the water and sewage fields, and to develop reeom- 
mendations for their solution. 


WPCF Representatives 


H. A. Faber W. E. Gerdel 


Joint Committee on Water and Sewage Works Operators’ Certification 
WPCF Representatives 
Julian Fleming, Chairman 


W. A. Hasfurther 


Joint Policy Committee 


This Joint Committee was created in 1954 to provide a unified approach to problems 
or actions arising by reasons of emergencies or in the common interest. Representation 
on the Committee is held by the Federation, the American Water Works Association, and 
the Water and Sewage Works Manufacturers’ Association. 

WPCF Re prese ntatires 
R. E. Fuhrman M. D. Hollis W. J. Orchard 
W. D. Hatfield R. BE. Lawrence K. S. Watson 


ASTM Committee D-19 
W. A. Moore 


Joint Committee for Uniformity of Methods for Water Examination 


R. S. Ingols 


5 
oo 
| 
3g 
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SPECIAL CONVENTION COMMITTEES 


Convention Management Committee 


The function of this Committee is to supervise details of the management of the 
Annual Meetings of the Federation. 


H. Sehlenz, Chairman 
G. R. Armstrong R. E. Fuhrman 
KE. J. Beatty J. G. Stewart 
Meeting Place Committee 
This Committee reviews invitations received for the Annual Meetings of the Federa- 


tion and makes recommendations to the Board of Control in regard to the time and place 
of such meetings. 


R. k. Lawrence, Chairman 


R. Fuhrman G. W. Kelsey H. 
M. D. Hollis C. V. Roberts J.G 


). Schlenz 
. Stewart 
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MEMBERSHIP SUMMARY 


(As of December 31, 1960) 
Federation Members 


Honorary Members 
Associate Members 


Member Associat 


Alabama 
Alaska . 
Arizona 
Arkansas 
California . 
Canada... 
Central States. 
England-IPHE 
England-ISP. 
Federal... 
Florida. 
Georgia 
Germany 
Indiana. . 


lowa 
Kansas 
Kentucky-Tennessee 


Louisiana : 
Maryland-Delaware 
Michigan 
Mississippi . 
Missouri. . . 
Montana 
Nebraska 

New England 
New Jersey 

New York. 

New Zealand 
North Carolina 
North Dakota 
Ohio 

Oklahoma . 
Pacifie Northwest 
Pennsylvania 
Puerto Rico 
Rocky Mountain 
South Carolina 
South Dakota 
Sweden 
Switzerland 
Texas. 

Utah 

Virginia 

West Virginia 


Totals 


* New in 1960, not included in total. 


ay 
Member Associations (44) 
a Net Membership of Member Associations 
Active Honorary Corporate Total 
- 
15 15 
oo } od 
» 
ag 608 3 22 635 : 
114 114 
3 
19 
17 18 
254 28 282 
ob ob 
135 136 
190 196 4 
16 16 
500 | 2 503 : 
oS » io 
35 3 38 
66 66 
15 3 118 
334 334 
633 2 33 668 
10 10 
175 175 
19 19 
a 108 2* 34 142 
18 18 
500 ! 2s 529 
SO 
128 5 133 
63 2 65 
13 
By 126 126 
17 17 
234 238 3 
19 3 52 
‘ < 
139 25 164 ‘ 
— 8,249 4 250 8,513 
: 
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MEMBER ASSOCIATIONS 


MEMBER ASSOCIATIONS 


Alabama Water and Sewage Association—Sewage Works Section (Afliliated 1948). 


Area: Alabama. 
President: Clifford C. Williams; Vice-President: Raymond C, Ross; Director: John 
M. Bolton; Treasurer: Charles D. Hart; Secretary: KE. J. Finnell, Jr., University of 
Alabama, University, Ala. 


Alaska Water Management Association ( Affiliated 1960). 


Area: Alaska. 
President: LaMar Hubbs; Vice-President (Northern Region) : Harold Gillam; Vice- 
President (South-Central Region): Henry H. Staley; Vice-President (Southeastern 
Region): Alfred Baker; Director: LaMar Hubbs; Secretary-Treasurer: Charles F. 
Walters, Arctic Health Research Center, P. O. Box 960, Anchorage, Alaska. 


Arizona Sewage and Water Works Association—Sewage Works Section ( Affiliated 
1928). 

Area: 
President: R. E. Polenske; First Vice-President: Stanford I. Roth; Second Vice- 
President: Milford E. Devine; Director: E. O. Dye; Secretary-Treasurer: A. D. Cox, 
Jr., 2612 N. 16th St., Phoenix, Ariz. 


Arizona. 


Arkansas Water and Sewage Conference—Sewage Works Section (Afiiliated 1946). 
Area: Arkansas. 
Chairman: Bob L. Rimmer; Director: M. L. Wood; Secretary-Treasurer: C. W. 
Oxford, College of Engineering, University of Arkansas, Fayetteville, Ark. 


California Sewage and Industrial Wastes Association (Affiliated 1928). 
Area 
President: Dennis O'Leary; First Vice-President: Elmer Ross; Second Vice-Pres- 
ident: Paul V. Hennessy; Directors: TH. H. Hunt and Robert D. Bargman; Secre- 
tary-Treasurer: Robert L. White, Bureau of Engineering, City Hall, Burbank, Calif. 


: California. 


Canadian Institute on Sewage and Sanitation ( Affiliated 1933). 


Area: Canada. 
President: Ross L. Clark; Vice-President: Fred M. Woods; Director: C. G. Russell 


Armstrong; Secretary-Treasurer: A, FE. Berry, Administrative Office, 72 Grenville 
St., Toronto 8, Ont., Canada. 


Central States Sewage and Industrial Wastes Association (Affiliated 1928). 
Area: 
President: Walter A. Sperry; First Vice-President: Thomas T. Hay; Second Vice- 
President: John C. Sager; Directors: FE. J. Beatty and Harvey G. Rogers; Secretary- 
Treasurer: Seott E. Linsley, 2400 Childs Rd., St. Paul 6, Minn. 


Illinois, Wisconsin, and Minnesota. 


(England) Institute of Sewage Purification (Affiliated 1932). 


Area: Commonwealth and dependent territories, 
President: M. A. Kershaw; First Vice-President: Martin Lovett; Second Vice-Pres- 
ident: A. Holroyd; Director: W. F. A. Snook; Treasurer: L. B. Phillipps; Secretary: 
W. F. A. Snook, 10 Cromwell PL, S. Kensington, London, S. W. 7, England. 
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(England) Institution of Public Health Engineers (Affiliated 1932). 


Area: Commonwealth and dependent territories. 

President: J. T. Calvert; Vice-President: N. J. Tatman; Director: James M. L. 
Bogle; Treasurer: A. Seiver; Secretary: Ernest V. Balsom, 179 Vauxhall Bridge Rd., 
London, S. W. 1, England. 


Federal Sewage Research Association (Affiliated 1930). 


Area: Federal employees wherever stationed. 

President: Weith S. Krause; Vice-President: Ralph H. Holtje; Director: G. E. 
McCallum; Secretary-Treasurer: Martin F. Kunkel, Room 4232, HEW South Bldg., 
Washington 25, D.C. 


Florida Pollution Control Association ( Affiliated 1941). 


Area: Florida. 

President: M. EK. Dawkins; Vice-President: Ellis K. Phelps; Director: David B. 
Smith; Secretary-Treasurer: Vincent D. Patton, State Board of Health, Box 210, 
Jacksonville 1, Fla. 


Georgia Water and Sewage Association—Wastes Section (Affiliated 1936). 


Area: Georgia. 

Chairman: Lewis Simonton; Vice-Chairman: MeDewain Sandlin; Director: M. B. 
Nixon; Secretary-Treasurer: Robert S. Ingols, Prof., Applied Biology, Georgia Insti- 
tute of Technology, Atlanta, Ga. 


German Sewage and Industrial Wastes Association (Affiliated 1950). 
(Abwassertechnische Vereinigung) 


Area: Germany. 

President: Guenther Mueller-Neuhaus; First Vice-President: Wilhelm Husmann; 
Second Vice-President: Hans WKoester; Third Vice-President: Franz Sehmitz 
Lenders; Director: Wilhelm Husmann; Seeretary-Treasurer: Karl Reger, 8 Bertha 
von Suttner Place, Bonn, Germany. 


Indiana Water Pollution Control Association ( Affiliated 1958). 


Area: Indiana. 

President: George K. Erganian; First Vice-President: Dwight O. Bender; Second 
Vice-President: Frank D. Wraight; Director: W. W. Mathews; Secretary-Treasurer : 
Victor G. Wagner, State Department of Health, 1330 W. Michigan St., Indianapolis 
7, Ind. 


Iowa Water Pollution Control Association (Affiliated 1928). 


Area: Iowa. 
President: Mareus P. Powell; Vice-President: D. P. Morrow; Director: H. S. Smith; 
Treasurer: Harry E. Boren; Secretary: L. F. Skorezeski, 207 S. 15th Ave., Marshall- 
town, Lowa. 


Kansas Water Pollution Control Association ( Affiliated 1935). 


Area: Kansas. 

Chairman: Harry Pfautz; First Vice-Chairman: John Glidewell; Second Vice-Chair- 
man: N. J. Burris; Director: Carl Hodgkinson; Secretary-Treasurer: Howard F. 
Saiger, 1900 E. 9th St., Wichita, Kans. 


a 

2 
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4 
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filiated 
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Missouri 


G. R 


Montana 


Kentucky-Tennessee Water Pollution Control Association ( Affiliated 1946). 
Area: 


Chairman: C. M. Fair: Vice-Chairman: Jack A. Henshaw; Director: M. A, Chureh- 
ill; Secretary-Treasurer: S. Leary Jones, 602 Cordell Hull Bldg., Nashville 3, Tenn. 


Area: 
Chairman: A 


Maryland-Delaware Water and Sewage Association—Sewage Works Section (Af- 


Area: 


Michigan Sewage and Industrial Wastes Association (Affiliated 1930). 
Area: 


Mississippi Sewage and Industrial Wastes Association ( Affiliated 1957). 
Area: 


President: James E. Jagger; Vice-President: Tom W. Stallworth; Director: G. M. 
Lester; Secretary-Treasurer: Neil G. MeMahon, Mississippi State Board of Health, 
Jackson. Miss. 


Area: 
Chairman: Werner F. Heidtke; Vice-Chairman: Allen Mayfield; Director: William 


iddle; Secretary-Treasurer: Jacek IK. Smith, Water Pollution Control Board, 
112 W. High, P.O. Box 154, Jetferson City, Mo. 


Area: 
Chairman: William J. Wenzel; Vice-Chairman: Ben Chestnut; Director: Tom 
Schultz; Secretary-Treasures 
State 


Nebraska Sewage and Industrial Wastes Association (Affiliated 1952). 
Area: 
President: Walter Arfmann; Vice-President: Carl Chin; Director: T. A. Filipi; 


Omaha 2, Nebr. 
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Kentucky and Tennessee. 


Louisiana Conference on Water Supply and Sewerage—Sewage Works Section (Af- 


1949). 


Louisiana, 


. J. Szabo; Director: H. J. Scioneaux; Secretary-Treasurer: George 
H. West, P. O. Box 895, Water Department, Lake Charles, La. 


1928). 


Maryland, Delaware, and District of Columbia. 


President: C. Gordon Remsburg; First Vice-President: A. Joel Kaplovsky; Second 
Vice 


President: Roy L. Orndorff; Director: William A. Hasfurther; Secretary-Treas- 


> W. M. Bingley, State Department of Health, 301 W. Preston St., Baltimore 


Michigan. 


dent: Fred Galarno; First Vice-President: Robert F. Killeen; Second Vice- 
Pre sident: Ralph A. Garno;: Dire clors: George EK. Hubbell and G. F. Wy lhe; Secre- 
tary-Treasurer: Donald M. Pierce, Michigan Department of Health, Room 331, Ad- 


tration Bldg., Lansing 4, Mich. 


Mississippi. 


Water Pollution Control Association (Affiliated 1929). 


Missouri. 


Sewage and Industrial Wastes Association ( Affiliated 1944). 


Montana. 
: A. W. Clarkson, Division of Environmental Sanitation, 
Board of Health, Helena, Mont. 
Nebraska. 


tary-Treasurer: E. Bruce Meier, Kirkham, Michael & Assoc., 508 S. 19th St.. 


; 
| 
1, Md. 
| 
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New England Water Pollution Control Association (Afliliated 1929). 


Area: Maine, New Hampshire, Vermont, Massachusetts, Connecticut, and Rhode 
Island. 

President: Joseph B. Ilanlon; First Vice-President: Howard F. Carpenter; Second 

Vice-President: Karl R. Howard; Director: Charles G. Hammann; Secretary-Treas- 

urer: Richard F. Greeley, Massachusetts Department of Health, 511 State House, 

Boston 33, Mass. 


New Jersey Water Pollution Control Association (Afiiliated 1942). 


Area: New Jersey. 
President : Michael Kachorsky; First Vice-President: John Frazee; Director: John J. 
Horgan; Treasurer: Henry Van Der Vliet; Secretary: Anthony T. Leahey, P. O. 
Box 32, West Trenton, N. J. 


New York Water Pollution Control Association ( Affiliated 1930). 


Area: New York. 
President: Guy E, Griffin; Vice-President: John J. Baffa; Directors: G. A. Fleet 
and R. C. Sweeney; Treasurer: D. B. Stevens; Secretary: Ralph C. Sweeney, State 
Department of Health, 55 Church St., White Plains, N. Y. 


New Zealand Sewage and Industrial Wastes Association (Affiliated 1957). 


Area: New Zealand. 

Chairman: M. B. Rands; Vice-Chairman: S. Oldfield; Director: P. R. Parr: Seere 
tary: K. R. Davis, Auckland Metropolitan Drainage Board, P. O. Box 208, Auckland 
C. 1, New Zealand. 


North Carolina Water Pollution Control Association (Affiliated 1929). 


Area: North Carolina. 
Chairman: L. P. Bloxam; Vice-Chairman: J. H. Henderlite; Director: Lee S. Dukes, 
Jr.; Secretary-Treasurer: T. Z. Osborne, Room 309 Municipal Bldg., Greensboro, 


N.C. 


North Dakota Water Pollution Control Association ( Affiliated 1936). 


Area: North Dakota. 
President: Richard Fuller; Vice-President: Glenn Bere; Director: Norman Peterson; 
Secretary-Treasurer: W. Van Heuvelen, State Department of Health, Bismarck, 


N. Dak. 


Ohio Water Pollution Control Conference (Affiliated 1932). 


Area: Ohio. 
Chairman: A. D. Caster; First Vice-Chairman: R. N. Simonsen; Second Vice-Chair- 
man: Max Phillips; Director: Earl F. Wittmer; Secretary-Treasurer: E. B. Ransom, 
Ohio Department of Health, 101 N. High St., Columbus 15, Ohio. 


Oklahoma Water, Sewage and Industrial Wastes Conference—Sewage Works Sec- 
tion (Affiliated 1929). 


Area: Oklahoma. 
President: W. J. Gossom; Vice-President: Marion Buercklin; Director: L. L. 
Settle; Secretary-Treasurer: H. M. Crane, State Department of Health, 3400 N. 
Eastern, Oklahoma City 5, Okla. 


— 
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Pacific Northwest Pollution Control Association (Affiliated 1933). 


Area: Washington, Oregon, and Idaho. 
President: Raymond Fish; Vice-President: C. 8. Zieckefoose; Director: R. Trum- 
bull Smith; Seeretary-Treasurer: Gilbert LL. Dunstan, P. O. Box 176, Pullman, Wash. 


Pennsylvania Water Pollution Control Association (Afliliated 192s). 


Area: Pennsylvania. 
President: A, A. Estrada; First Vice-President: John Yenehko; Second Vice-Pres- 
- ident: Thomas lezzi; Directors: H. W. MeElhaney and §. I. Zack; Secretary-Treas- 
urer: J. R. Harvey, Regional Sanitary Engineer, Pennsylvania Department of 
Health, 996 S. Main St., Meadville, Pa. 


Puerto Rico Water and Sewage Works Association ( Affiliated 1947). 


Area: Puerto Rico. 
President: Isvael Rivera-Marini; Vice-President: Pedro Hernandez-Vega; Director: 
G. Flaque-Garces; Secretary-Treasurer: Robert J. Auld, Espana 2015, Ocean Park, 
Santuree, Puerto Rico. 


Rocky Mountain Sewage and Industrial Wastes Association (Affiliated 1947). 


Area: Wyoming, Colorado, and New Mexico. 
President: Arthur B. Chatetz; Vice-President: Verne E. Plath; Director: Anthony 
Rossi: Secretary-Treasurer: John W. Hernandez, 408 Galisteo St., Santa Fe, N. Mex. 


South Carolina Water and Sewage Works Association—Sewage Works Section 
( Affiliated 1949). 


Area: South Carolina. 
Chairman: J. D. Lesslie; Vice-Chairman: H. H. Connelly; Director: J. D. Lesslie; 


Treasurer: Thomas P. Anderson; Secretary: Robert N. Bowen, 417 Wade Hampton 
Bldg., Columbia, 8S. C. 


South Dakota Water Pollution Control Association ( Affiliated 1936). 


Area: South Dakota. 
President: Charles R. Price; Vice-President: N. A. Erickson; Director: Don C. 
Kalda; Secretary-Treasurer: Don C, Kalda, Division of Sanitary Engineering, State 
Board of Health, Pierre, 8. Dak. 


Swedish Association for Water Hygiene (Affiliated 1952). 
(Foreningen for Vattenhygien) 


Area: 
President: V. Jansa; Vice-President: Erik Vasseur; Director: V. Jansa; Secretary: 
Erik Jonsson, Box 5038, Humlegardsgatan 29, Stockholm 5, Sweden. 


Sweden. 


Swiss Association of Water and Sewage Professionals (Affiliated 1947). 
(Verband Schweizerischer Abwasserfachleute) 


Area: Switzerland. 
President: André Kropf; Director: André Kropf; Treasurer: Eduard Holinger; 
Secretary: Pierre Wildi, Hegemmatt 28, Zurich 2/38, Switzerland. 


+ 
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Texas Water and Sewage Works Association—Sewage and Industrial Wastes Sec- 
tion (Affiliated 1925). 
Area: Texas. 
Chairman: Ceeil Hl. Williams; First Vice-Chairman: John P. Wold; Second Viee 
Chairman: William N. Wells; Director: J. L. Robinson; Secretary: G. R. Herzik, Jr., 
Sanitary Engineering Division, State Department of Health, Austin, Tex.; Assistant 
Secretary and Treasurer: Mrs. E. Goodwin. 


Utah Water Pollution Control Association (Affiliated 1957). 
Area: Utah. 
President: Harold A. Linke, Jr.; Vice-President: Howard B. Kelly; Director: 


Howard M. Hurst; Secretary-Treasurer: William W. Anderton, Supervisor, Sewage 
Treatment Plant, 2500 S. State St., Salt Lake City 15, Utah. 


Virginia Industrial Wastes and Sewage Works Association (Affiliated 1947). 
Area: Virginia. 
President: Harry L. Hale; Vice-President: Chalkley DuVal; Director: E. H. Ruehl; 


Secretary-Treasurer: Orval J. Hand, Hereules Powder Co., Hopewell, Va. 
West Virginia Water Pollution Control Association ( Affiliated 1947). 
Area: West Virginia. 
President: Rex C. Pierson; First Vice-President: Richard L. Williams; Second Vice- 


President: Bern Wright; Director: Paul T. Arbuckle; Secretary-Treasurer: Glen O. 
Fortney, State Department of Health, Charleston 5, W. Va. 


HONORARY MEMBERS * 


Berry, Albert E. (1954) n Fair, Gordon Maskew (1955), Niles, Arthur H. 
Mer., Ont. Water Resources Comn Dept f San. Engr., Har sul $33 
235 Gainsboro Rd ront d 5 Memorial iton, | 
Ont., Can. (Can.) imbridge 38 s. (N. I 


tant 455 

(Ohi 

ng.) 

Boyce, Earnest (1959), Prof al Orchard, William J. 
Engr., Chmn., Dept. of ngt Friel, Francis 8S. (1959), Pres., lace & Tiernan Inc., 
Univ. of Michigan, 304 W I wight & Friel, Inc., Suite 1500, J 
neering Bldg., Ann Arbor ick , nt Plaza. Philadel 
(Mich.) 

Chase, E. Sherman ( 

Engr., Partner, Metcali 
1300 Statler Bldg be 
Mass. (N. Eng.) 

Cohn, Morris M. (1 53) n 
Wastes Engineering Magazine ¢ e Engr USPHS, Box 192, RR 1, 
Lexington Ave., New York : Hiyde, ¢ harles Gilman Old Indian Hill Rd. ncinnati 
N (N.Y.) 27. Ohio (Fed.) 

DeBerard, Wilford Willis (1 palaces ‘ 

Deputy Commr { Water Wisely, 
Chief Water Engr., Bu f zt Imhoff, Karl (1953), Cons gr Ed., A 
Dept. of Pub orks } i Robert Schmidt Str ! 33) sW 
Hall, Chicago 2, Ill. (Cer mar (Germany XN 


Schroepfer, George 
{ Cas Ener 
Experimental 
Gilcreas, Wellington ] 
Prof f San 
I da, Gait 
Streeter, Harold ( 


ASSOCIATE MEMBERS 


viduals named re present their companies, 


Airkem, Ine., 241 | +th t American Concrete Pipe Assn., Armco Drainage & Metal Prod- 
New York 17, Nicholas K. Post 2 N. I lle St Suite 1033, ucts, Ine., Middletown, Ohio, J 
Alpha Ltd., Nidau, Switzerland, H hicago 1 l., Howard F. Peck- M. Robertson, Sales Mgr., Drain 
Thurnheer, Vice-Dir rt Ing age & Allied Sales Dept 
American Cast Iron Pipe American Pipe 
P. O. Box 2603, Birmingham, A Co., P. O. Box 3428, Terminal B-I-F Industries, Inc., 345 Har 
J. W. MacKay, Vice-Pres., Sales Annex, I Angeles 54, Calif., ¢ ris Ave., Providence 1, R. I., G 
American City Magazine, 47 D. Herlihy, Gen. Sales Mgr W. Kelsey, Sr., Vice-Pres 
Park Ave., South, New York 16 American Well Works, 100 N. Bird Machine Co., Centrifugal & 
Edgar J. Buttenheim, Chmn. of Broadway, Aurora, Ill., S. A. Kar- Filtration Equip., South Walpole, 
the Bd ] I Mass., E. G. Piper, Sales Mgr. 


» & Construction 


2 


* Year of election to Honorary Membership and Member Association affiliation shown in 
parentheses. 
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¢ Carter, Kalph B., Co., Waste Homestead Valve Manufactur- | Public Works Magazine, 200 S. 
‘ Treatment Equip. Div., 192 At ing Co., Box 348, Coraopolis, Pa., Broad St., Ridgewood, N. J., W. 
lantic St., Hackensack, N. J., J F. E. Schuchman. A. Hardenbergh, Pres. 
Z L. Ledeen, Gen. Mgr 
Centriline Corp., 140 Cedar St., Industrial Materials Co., Somer- | Robinson Clay Product Co., 
: New York 6, W. E. Borbonus, set_ St. & Trenton Ave., Philadel- P.O. Box 1070, Akron 9, Ohio, P. 
: Pres phia 34, Pa., John M. Riordan, V. Robinson, Jr., Sales Mer. 
Chain Belt Co., P. O. Box 2022, Pres Rockwell Manufacturing Co., 
: Milwaukee 4, Wis., William Sivyer Inertol Co., Ine., 480  Freling- 400 N. Lexington Ave., Pittsburgh 
Div. Mgr huysen Ave., Newark 12, N. Everett M. Jones 
: Chapman Valve Manufacturing G. W. Rupp . Koots-Connersville Blower, Div 
Co., 203 Hampshire St., Indian Infileo Ine., 9 15 ( ampbell Ave., of Dresser Industries, Inc., 900 W. 
; cott, Chief Sales Engr . auer H. Crocker, Gen. Sales Mgr. 
Chicago Pump Co., Hydrodynamic Co- 
Div., Food Machinery & Chemical Simplex Valve & Meter Co., 7 
Corp., 622 W. Diversey Pkwy., 17 E. Orange St., Lancaster, Pa., 
Chicago 14, Milton Spiege F. E Gerlitz Jr., Sales Mgr 
ven. Mg Vice Smith, A. 0., Corp., Atomic & 
i Combustion Engineering, Ine., Process Equip. Div., P. O Box 
Ra ond Div W ph Keasbey & Mattison Co., As- 584, Milwaukee Wis., H. K. 
: hicago ¢ on bestos Cement Pipe Dept., Ambler, Brill, Gen, Sales Mgr 
: Corrosion Control Co., Ine., 33 Pa., Alan F. Nagle Smith, A. P., Manufacturing : 
nd t Oo 36 oseph 545 9 > 
N rk Joseph K omline-Sanderson Engineering Co., 545 Arlington Ave., East 
Corp., Box 257, Peapack, N. J., Orange, N. J 
A I. R. Komline, Pres Smith-Blair, Ine., P. O. Box 666, 
au jack ek’ Koppers Co., Ine., Tar Products South San Francisco, Calif. 
: Div., Pittsburgh 19, Pa, J. N. | Smith & Loveless, Div.-Union 
: ales gr Grossett Tank Car Co., Lenexa, Kans., B 
= DeZurik Corp., Sartell, Minn., Alden Smith 
Me David DeZurik, Jr., Sales Dir Lakeside Engineering Corp., 222 stuart Corp., 516 N. Charles St., 
c Dorr-Oliver Ine., Havemeyer La., W. Adams St., Chicago 6, Il Baltimore, Md., Fred E. Stuart, 
Ms Stamford, Conn., W. A. Darby, | Link-Belt Co., Colmar Plant, Col- Sr., Pres 
Mgr., San. Sales Area Chas J Engr. in | Sutorbilt Corp., 2966 E. Victoria 
harge, San. Engr quip. “4 
Se i on St., Compton, Calif. Sune V. 
Lock Joint Pipe Co., P. O. Box Malmgren Field Engr., Sew- 
x Rd. Cle 1 16. Ohio. W B 269, East Orange, N. J., Paul E. age & Ind. Wastes 
Bri Maloney, Div. Sales Mgr 
: Tex-Vit Manufacturing Co., 
Marlow Pumps, Div. of Bell & P.O 17. ¥ 1 Wells 
Div. Ind. Sales Vapor Recovery Systems Co., 
Minneapolis-Honeywell Regula- 2820 N. Alameda St Compton 
Engineering New s-Record Mag- tor Cv., Ind. Products Group, Calif . ton, 
azine, 330 W. 42nd St.. New Wayne & Windrim Ave., Phila 
York R. F. Boger, Publisher delphia 44, Pa., F. L. Mascitti, 
Evanite Plastie of Market Megr., Mun. Serv AL 
Evans Pipe Co., Uhrichsville, Ohic Morse Boulger, Ine., Sewage & 
Walter S. Preadergast, Gen. Mer. Waste Div., 80 Fifth Ave., New & 
M: York 11. st., belleville 9 Jes 
| Mueller Co., 512 W. Cerro Gordo Quigley, Vice-Pres., Equip. Div. 
3 R. B. Ever Pre St., Decatur, Ill, Dan R. Gan- Wastes Engineering Magazine, 
non 466 Lexington Ave., New York 17, : 
es Fairbanks, Morse & Co., Pump & Municipal Service Co., 4625 Roa- Alfred J. Houghton, Publisher 
Hydraulic D 3601 Kans 4 noke Pkwy., Kansas City, Mo., , . > 
draull ansa ve H. R. Oslesby. Vice-Pres. & Water & Sewage Works Maga- 
Kansas City 5, Kans., W. F Gen, Me eo BBs zine, 185 N. Wabash Ave., Chi- 
Wahlenmaier, Dir., Marketing sen. cago 1, Ill., E. S. Gillette. 
Fischer & Porter Co., Hatboro, National Water Main Cleaning | Waukesha Motor Co., Waukesha, 
‘ Gen Co., 50 Church St., New York 5, Wis., F. Gunther 
Sigr., ater aste Div nk ‘res 
J. A. Frask, Prt WEMCO Div. of Western Ma- 
‘ Fisher Scientific Co., 711 Forbes | Nichols Engineering & Re- chinery Co., 650 Fifth St., San 
; . St., Pittsburgh 19, Pa., George E search Corp., 50 Pine St., New Francisco 7, Calif.. Elwood E. 
A McCain, Mer., Furniture York 5, Mark B. Owen. Cone ‘ ; , 
Flexible Ine., 3786 Durango Ave., Mectric C 
Los Angeles 34 Calif Pacific Flush Tank Co., 4241 Elec 3 
Ciaccio, Mer Ravenswood Ave., Chicago 13, D ittsburg 30, 
‘o., W L. E. Langdon, Vice-Pres. & Sales | a.) stherspoon. 
me cock, Mer. ” — “Penn Instruments Div., Burgess- | Ine., P 0. 2117, Houston 1, Tex., 
> Manning Co., 4110 Haverford Ave., | R. D. Butler 
Philadelphia 4, Pa., Wynn Wil- | Wood, R. D., Co., Public Ledge 
Perry-Austen Manufacturing delphia 5, Pa., W. Davies, Sales 
hoff. Co., 250 Parkinson Ave., Staten Mgr. 
Bowmar Island 5, N. Y., Eric P. Hartmann, Worthington Corp., Harrison, N. 
lansfield, Ohio, James C. Gor- Sales Mgr J., D. L. Gallagher, Pub. Works 
man, Sales Mgr Pittsburgh-Des Moines Steel Cons. ’ 
. Gruendler Crusher & Pulverizer Co., Pittsburgh 25, Pa., T. W. 
Co., 2915 N. Market St., St. Louis Fauntleroy, Vice-Pres. & Sales Mgr. Yeomans Brothers Co., 1909 N 
; P Mo., William P. Gruendler, | preload Co., Inc., 355 Lexington | Ruby St., Melrose Park, Ill, D. 
hwaits »-Pres. 
Mach Ce. Box $97, Ames, lows, | 
Clifford Hach, Pres Price Brothers Co., 1932 E. Monu- Zimmermann Process Div., Ster- 
ment Ave., P. O. Box 825, Day- ling Drug, Inc., Salvo Chemical 
Hardinge Co., Inc., York, Pa., C. ton 1, Ohio, Harry S. Price, Jr., Corp., Rothschild, Wis., Neal See- 
é S. Horning Exec. Vice-Pres. gert, Sales Mer. 
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last full membership listing, published in the 


March 1960 issue of THs 
JOURNAL, gave the membership roster of Member Associations as of December 31, 
1959. This supplementary listing, therefore, includes only the names and addresses of 
those who have been added to that previous listing as new or reinstated members during 
1960 and therefore were not included in the main biennial listing. 


Ackworth, J. C., Head Andrews, Johnnie F., Assoc 
Pit., 1010 Willow Dr., Prof., 1051 C. Monroe, Albany 6, 
London, Ont., Canada Calif. (Ark.) 

Acton, Richard L., Sale Engr Andrus, Stephen R., Salesman 
Moline Malleable Iron Co., 801 | Johns-Manville Sales Corp 46 
Excelsior Ave., Hopkins, Min: Park Ave., San Jose, Calif 

Adcock, Fred, Chief Opr., City of Andrysiak, R. S., see South Bend 


Atwater, Box 485, Atwater, Cal 


Adrian, Donald Dean, Sar Angelo, Henry .. Gen. Forema 
Engr., Dept. of Pub. Healt Bu 53 Tyler St., Bloomfield, Conn 
of San. Engr., 322 Panoran Way 4 icelli Jol P Son Eng 

Agardy, Franklin J., Assoc New City, N. ¥ 
Univ. of California, Civ. Eng antri City Ene 
Dept, 115-D 9h Albany 10, Antrim, Howard C., City Engr 
Calif. daro Blvd., Kansas City 4, Kans 

Aikins-Afful, Eb, Stud., Univ { : 2 


Emmanuel J., 801 Baca 
ta Fe, N. Mex 


Arbogast, E. P., Town Engr., 


Wisconsin, Hydr. & Sar Lab 
Madison, Wis 


Aireactor of Rochester, Inc., I Cla wn. 62 Germon 
Att.: Samuel M. Spinelli, 556 Bay Rd W.. New City. N. ¥ 


view Rd., Rochester N. ¥ 


Arbuckle, Ed., Supt., Sewage Trt 


Akers, Robert H., Sale Engr ¢ 
Armco Drainage & Metal Product Pit., City 
Inc 1820 Northwest Bldg. C Armco Drainage & Metal Prod- 
lumbus 12, Ohio ucts, Ine., Att ( >. Beerup 
3 Sample St Sou serie 
Akers, Ward L., San. Engr.,  }20? 


nois Dept. of Pub. 
Cleveland Ave., Sprit 


Arthur, Robert M., Asst. Prof., 


Rose Polytechnic Inst., lerre 


Albone, T., Sr. Eng rar Haute. Ind 
— Atwood, J. D., Pro Cela 
Canada nese Chemical Co., Gallipolis Ferry, 
W. Va 
Alder, L. L., see Borg-Warner Corp Giles Bik 
Allen, Bernard W., 0; Sewage 17 Fairlawn La exington 7 
Trt. Pit., Box 56, Lebanon, Ohi Ma 
Allen, John H., Mer Tow f Ault, James C., Dir., San. Div., 
Fayetteville, Box 8, Fayetteville Knox County Health Dept., 209 
Vandert Dr., Oak Ridge, 


rent 
Eng 


Axford, W. M., W. M. Axford & 
Ass 401 Ash Rd., Oakville, 


Allen, Lyman H., Jr., Chief 
Internat]. Flavors & Fr 
Inc., 800 Rose La., Union 


Ont., ¢ 


Alley, Lawrence A., Partner, Alles 
& Williams, Box 1336, Burlingtor Baars, Kenneth L., Opr Sewage 
Pit 15 Ruddiman Ave., North 
Muskegon, Mich 


Bailey, Harold, Opr., City of 
Rockford, 8 E. Bridge, Rockford 


Alvarez, Alfonse, San 
Manuel Barrios 4627, Sar 
Chile, S. A. (Cen. St 


Mict 

Anaconda Aluminum Co., Att Mich 
G. O. Gray, Box 1607, Terre | Bailey, Harry H., Engr., Pome 
Haute, Ind. roy & SSO 13864 Sayre St 

. San Fernando, Calif 

Anderson, Steven J., Grad. Stud an Ferna = 
Syracuse Univ., 44 Cooper Rd Baker, Alfred, Div. of Pub. Health, 
Dover, Del. (N. Y.) Box 1498, Ketchikan, Alaska 

Andres, Barry D., Dir Lauman Bale, Harvey W., Asst. Engr., Al- 
Lab., 100 Lauman La., Bethpage bright & Friel, Inc., 18 S. 50th 
St., Philadelphia, Pa 


area served by each Member Association. 
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Ball, Harry D., Sales Engr., Sea 
forth Concrete Sewer Tile Co 
Ltd., Clinton, Ont., Canada 

Ballard, W. T., Engr., 
Oil & Gas Co Box 
lex 

Bangert, Fred, Chief Opr Se 

Billings, Mont 


ut 
Barlow, 


ind, England (ISP) 
Barlow, Jesse H., Rt. 1, Box 105, 
Richland, M 


Barnes, J. F., Chief Chen Alli 
ince Freezing Cc 8 Pomona 
St., Invercargill, New Zealand 

Barnhart, E. L., Cons. Engr., 107 
8 104 St., ne Park 17, N. ¥ 


Bartlett, Isai D., ¢ 
City of Raleigh, Raleigh, 
Bartolacci, Carl, Gen. Megr., Pome 
rad ( Water Dist P i 


Bascaron, Jose N., Civ. Engr., P 
R. Water & Sewer Auth., Box 


Bo. Obrero Sta., Santurce 
Puerto Ri 
Baskerville, W. H., Pre Patter 
sor Asse Inc., Box 8, Gulf 
Breeze, Fl 
Batesville, City of, City Hall, 
Bate ville Ind 
Batson, W. Kelly, Owner, W. K 
Batson Cc Box 3673, Charlotte 
( 


Batson, W. T., Special Sales Re 
Faulkner Concrete Pipe 4 
W. Maye Jackson, Mi 

Baumgardner, Robert E., Engr 
RD Box 64, Ebensburg 


Baumgartner, John C., Tech 
Supt., Tenn. River Pulp & Paper 
( Box Counce, Tenn 

Bayon, Edward J., Cons., 45 
Pleasant St., Holyoke, Mas 


Bayshore Sewerage 17 


Union Ave., Hazlet, N. J 


Beach, Clarence O., Chief Opr 
City of Battle Creek, 55 Maple 
Grove Ave., Battle Creek, Mich 

Beach, Wallace E., Field Rep., 
Canada Valve & Hydrant Co., Ltd., 


150 Glenwood Dr., Brantford, Ont., 
Canada 

Beattie, A. C., Engr., Ontario Wa- 
ter Resources Comm., 99 Dowling 
Ave Apt 107 Toronto, Ont 


Canada 


*Member Association affiliation shown in parentheses in all cases where the affiliation 
is not immediately evident from the member’s address. See page 309 for complete listings of 


: 
x 
os 
} 
5 
x 
; 
4 
4 


a 


V attenby ggn an, 


Manville Sales Corp., 


Blow, C. C., Sec 
Drainage 
New Zealand 

Board of Public 
Reuben Cates, Plt 
Paris, Tenn. 

Boardman, B. Richard, 
Engr., R. K. Kilborn 
267 Sth Line W., 


Box 208, 


Utilities, Att.: 
Engr., Box 450, 


Erindale, Ont 


Canada 

Boatwright, S. Joseph, Water 
Supt., City of Marion, Box 618 
Marion, C 

Bodle, Benj. K., Jr., Pit. Opr., 
Clearfield Mun. Auth., 814 Turn- 
pike Ave., Clearfield, Pa 

Boege, R. A., Gen. Mer., Chief 
Engr., Union San. Dist., Box 508, 
Fremont, Calif 

Bogue, Stuart H., Design Engr., 
Pate & Hirn Inc., 532 Michigan 


Bidg., Detroit 26, 
Bohlmann, R., 
6, Hannover 


Mich 


Albert-Niemann-Str 
Germany 


Bologna, Alfred, Supt., Sewage 
Trt. Pit., Hopewell Twp. Mun 
Bldg., Clark Blvd., Aliquippa, Pa 

Boone, C. C., Opr., Sewage Trt. Pit., 
City Hall, Chehalis, Wash 

Boren, M. M., Salesman, Pomona 
Terra-Cotta, Greensboro, N. ( 

Borg-Warner Corp., Marbon 
Chemical Div., Att.: L. L. Alder, 


Asst. Chief Engr., Box 68, Wash- 
ington, W. Va 


Borowski, Kenneth, Shift Opr., 
Sewage Plt., 317 
Ironwood, Mich 

Bosley, James P., Engr.-in-Train- 
ing, Ohio Dept. of Health, 559 

n Rd., Chagrin Falls, Ohio 

Bourbonnais, Eugene E., Jr., 


Civ. Engr. Assoc., Engr. Div., 3031 


Torrance Blvd., Torrance, Calif. 

Bowen, W. C., Engr., Chem., R. B 
Simms Filtration Pit., Kt. 2, Ches 
nee, ¢ 

Boyce, Gifford R., Hillcrest Dr., 
Danville, N. J. (Md.-Del.) 

Boyce, Robert P., Opr., Clearfield 
Sewage Auth., 210 Turnpike Ave., 
Clearfield, Pa 

Bozich, Thomas A., USAF, 278 
Wherry Housing, Layton, Utah 
(Ohio) 

Brackett, W. H., Mir., Box 101, 
Wellesley Hills 81, Mass 

Bradley, J. B., Chief Chem., Ga 
Kraft Cx Macon, Ga 

Bragstad, R. E., City Engr., City 
of Sioux Falls, City Hall, Sioux 


Falls, S. Dak 


Brancato, Anthony F., 
44 Ansonia St., 


Brechin, W. 


Foreman, 
Hartford 6, Conn. 
A., Chem., 


Gen. Supt 


Office, Canada Packers Ltd., 2200 
St. Clair Ave., W. Toronto 9, Ont., 
Canada 

Breck, Ted, Opr., Waseca Sewage 


Disp. Pit., 413 7th Ave., N. W 


Waseca, Minn 

Breidefors, O. B., Pub. Health 
Off., Nassjo stads byggnadskontor, 
Nassjo, Sweden 

Bremser, L. W., Cons. Engr., 


Black & Veatch, 
Kansas City, Mo 
Brewer, Burton, 
Phillipsburg, 122 
Phillipsburg, N. J 


5031 Pawnee Dr., 


Opr., Boro. of 
Woodlawn Rd., 


Bricker, Paul W., Mech. Engr., 
Gannett Fleming Corddry & Car- 
penter, Inc., 600 N. 2nd S&t., 


Harrisburg, Pa. 


Auckland Metro. 
Auckland, 


Cons. 
& Assoc., 
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Briddle, Carl, Opr., Sewage Trt. 
Pit., 7064 N. 9th St., Lafayette, 
Ind. 

Bridson, Keith, Pub. Health Engr., 
Reg. Health Office, Iowa State 
Dept. Health, Washington, Iowa 

Briganti, Theodore, Chief San. 
Engr., Brown Engr., 10 Columbus 


Circle, N. Y 

Bright, W. Lioyd, Supt., Sewage 
Trt. Pit., City of Pittsburg, City 
Hall, Pittsburg, Calif 

Brill, H. K., see Smith, A. O 
Corporation 

Brinckerhoff, Gilbert G., Jr., 
Engr., Gannett Fleming Corddry & 
Carpenter, Inc., 1646 Cedar Cliff 
Dr., Camp Hill, Pa. 


Brindley, Martin V., Opr., Sew- 
age Pit., Municipal Bldg., Carroll- 
ton, Ky. 

Bristow, Preston A., Jr., Civ 
Engr., Eimco Corp., Box 6047, 
Birmingham, Ala. ( Ga.) 

Brosseau, Mare H., Cons. Engr., 
1912 Place Eliemre Brulé, Mont- 
real, Que., Canada 

Brown, Floyd E., Cons., 119 


Howard St 


Brown, James C., 
O’Brien & Gere, 22 


Syracuse 4, 


, Reading, Mass 


Proj. Engr., 
Cherry Rd., 


Brown, Percy P., Jr., Cons. Rep. 
for Dr. D. A. Okun, Dept. San 
Engr., Univ. of North Carolina 
144 St. John’s Ct., Rock ill 

Brown, Wade G., Chem., Water & 
Sewage Dept., 1317 Arnette Ave 
Durham, N. C 

Brown, Walter F., Ind. Waste 
Control Br., Dept. of Works, Metro. 
Toronto, 533 Arbor Rd., Port 
Credit, Ont., Canada 

|. George E., Jr., Town 

‘lerk, Town Hall, Winthrop, Iowa 

Philip <A., Mer., 

Philip A. Brunn, Jr., San. Div., 
Ingomar, Pa. 

— Virgil F., Jr., Civ. Engr., 
37 Crescent Dr.,. Melbourne, 
Fla. 

Bryant, Wayne E., Supt., Wood- 
ridge Sewer & Water Co., 2921 


Forest Glen, Downers Grove, Ill. 


Charles A., Jr., 6354 
Louis 20, Mo. 

Bulger, Ernest N., 
1160 Thomas Rd., Wayne, Pa. 

Bull, L. M., C. C. Parker & Assoc., 


Ltd., 795 Main St. W., Hamilton, 
Ont., Canada 


Buescher, 
Henner, St 


Sales Engr., 


Bullard, Clarence, Box 16, 
Univ., Loa hapoka, Ala 

Walter, Jr., Grad 
Univ. of Wisconsin, 303 W. 
St., Urbana, Ill 

Burbank, Nathan C., Jr., 131 
Sweetbriar La., Kirkwood 22, Mo. 


Auburn 


Stud., 


High 


Burch, Harvey D., Sewage Fore- 
man, Dothan Engr. Dept., Dothan, 
Ala. 

Burch, James E., Engr., Jerome 


Richardson & Assoc., RR 3, 
gootee, Ind. 


Loo- 


Burcham, Frank, Opr., Sewage 
Trt. Pit., City of Colville, Rt. 3 
Colville, Wash. 

Burchfield, A. Myler, 1 
Ave. W., 


004 4th 
Birmingham, Ala 


Burchinal, Jerry C., Assoc. Prof., 
Civ. Engr. Dept., West Virginia 
Univ., Morgantown, W. Va 


Vol. 33, No. 3 eC 
: Beattie, Guy, Solvay Sales Corp., 
40 Rector St., New York, N. Y. 
(N. J.) 
Beck, Raymond A.,  Crestvale 
iy Trailer Pk., Box 42, Columbia, 
Mc 
2 Beeman, Earl R., Supt Sewage 
I'rt., City Bldg., Athens, Ohio 
+ Beerup, C. D., see Armco Drain 
‘ age & Metal Products, Inc 
: Bell, Albert G., see Mt. Vernon 
Sewer Dist 
Bell, James W., National Canners 
Assn., 1133 th St., N.W., Wash 
2 ington 6, D. ¢ 
: Bellet, John J., Supt Water & 
; Sewer Dept., City of Brighton, 420 
rd St., Brighton, Mich 
‘ Bellevue Sewer Dist., Att Arthur 
I Zachat Foreman Box 598 
Bellevue, Wash — 
; Belton Yarn Mill, Att.: Lewis H 
Keeney, Engr., Belton, S. Ga.) 
Benjamin, Edward, Box 753, 
Grand Island, Nebr 
‘ Bennett, Kenneth Howard, Uni 
versal Buttor Cx 824 Mason 
2 Headley Rd Lexington, Ky 
ae Benton, E. A., Asst. Supt., City of 
2 Berckmand, Louis A., Mir. Rep., 
Ensign Product Cr Box 456 
Smyrna, Ga 
rd Works, 911 Madison St., Rochester, 
7 Ind 
Berne, Gustave, Owner, Manatee 
Utility, Box 414 Sarasota, Fla 
Berry, R. E., Cons. Engr 103 
Hearth Cresc., Kitchener, Ont 
: Canada 
Methatte Water Opr., 205 
i Oak St., Bethalto, Il : 
Bethke, Ben, Box 1751 Great 
Falls, Mont 
Betts, Clifford A., Jr., Assoc., 
3 Betts Engr. Co., Inc., 514 Look 
as out St., Chatt ty | 3, Tens 
: Bickel, Robert L., 47 S. Anderson 
St., Aurora, Il 
Birkel, Louis K., Wastes Control 
: Engr., Republic Steel Corp., Res 
4 Center, 6801 Brecksville Rd In 
i Birko Chemical Co., Att Ward 
3s Harris Smith Pres Box 1315 
: Denver, Colo. (Utah) 
Bisher, Earle P., Chem. Engr., 
J. E. Sirrine Co., Box 9¢ Green 
vilie, S. 
mand Co of Canada Lid, | 
é © and Co. of Canada Ltd 1491 
ty Yonge St Torono 7, Ont., Canada 
5 Bixby, W. F., Mer., Proc. Engr., 
kc B. F. Goodrich Chem. Co 3135 [SY 
Euclid Ave Cleveland 15, Ohio 
B Con Engr., 
° Byggveien, 
wanglerud, Oslo, 
Norway Sweden ) 
Blackwell, Churchill G., Black- 
; well Equipment & Supply Co., 
3 1540 S. Albion St., Denver 22, 
Col 
: Blair, Mark V., Engr., Tests & a 
Water Supply, est Lab, Texas & 
Pacific Railway Co., 808 Fidelity 
: Union Tower, 1507 Pacific Ave., 
Dallas 1, Tex 
Blair T. Bower, Meramec Basin 
Res. Proj., Givens Hall, Washing- 
ton Univ., St. Louis 30, Mo. 
ie Blampied, Paul G., Mir., Johns- 
100 Newbury 
: St., Boston 16, Mass FC 
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Burgess, J. Edward, Jr., 

Fla. State Bd. of Health 

Winter Haven, Fla. 

Burkhardt, Howard L., Ind. Hyg 
Engr., Southeastern Dist 
Dept., 115 N. 6th St., 
Idaho 

Burns & McDonnell 
Box 173, Kansas City 41 

Burrons, M. E., 
Co., Hickory, N 


Pocate 


Engr. 
Mc 
il Electri 


Gener 


Box 944. 
Health 


Co., 


Burroughs, Donald E., R. W 
Assoc., Columbus, Nebr 
Buscavage, John J., San. Engr 
Pa. Dept. of Health, 29 Chestnut 

St., Lewistown, Pa 

Bush, Harry L., Supt., Pub 
Works, Village of Paw Paw, Paw 
Paw, Mich 

Bush, O. R., Supt., Fallbrook Sz 
Dist., Box 697, Fallbrook, Calif 

Bussells, William J., Turpin 
Wachter & Assoc., 126 We st 


Annapolis, Md. 

Bussey, John, Opr., Village 
Milford, 124 E. Commerce § 
Milford, Mich 

Butkus, R., Southland Frozen Meat 
& Produce Export Ltd., Box & 
Invercargill, New Zealand 


Butler, E. W., Butler & A 


8515 Delmar Blvd., St. I 
Mo 
Byers, John M., Rep., Schmie 


Ind., Inc., Box 605, Flir 


Bylicki, Klemens, San. Enegr., W 
F. Schade & Assoc 3828 54th 
St., Cleveland 5, Ohi 

Construction Co., 


Cc. & C. 
Att.: Harry E. Curtis, 4625 I 
trial Rd., Fort Wayne, Ind 


Cajigas-Llamas, Carlos E., De 
sign Engr., P. R. Water & Sewe 
Auth., Box 581, Hato Re Pue 
Rico 

Calder, William G., Pres., J 


nc., 5669 Selmaraine Dr., ¢ 
City, Calif. 

Caldwell, 
Stud., Univ. of Kentucky, B 
5554, Lexington, Ky 

Calhoun, 
Sewage Trt. Plt., 
wood, Fla. 


City Hall, H 


Calkins, Gerald P., Supt., Sewage 


I'rt. Pit., 903 S. Silver St Cer 
tralia, Wash 

Campbell-Little, N., A I 
Cotterell & Sons, 54 ictoria St 
London, S. W. 1, England (IPHE 


Candish, A., Engr., Thomas Bort! 
wick & Sons Ltd., Box 2598, Wel 
ington, New Zealand 

Cannon Arnold M., Sup Con 
bined Util., City of Clinton, B 


283, Clinton, S. ¢ 


Capis, John G., Asst. Plt. Opr 
Southwest Suburban Sewer Dist 
5246 21st Ave., S. W Seattle 


Wash. 

Capps, Vernon, Supt., Pub. Wor! 
City of Central Point, 636 Oak S 
Central Point, Ore 


Capriola, George H., Supt I 
& Pipe Lines, Devon Drainag 
Assn., Box 842, Devon, Pa 

Carlson, Gustaf, Desig 
Alexander Potter Assoc 174 ¢ 


dee Ave., Sayville, N. ¥ “(N J 


Dist. No. 1 of 
Kenton Co 212 
Covington, 


Bongkee K., 


Taylor P., Chief Opr., 


JOURNAL WPCF 


‘arol Stream Utilities Co., 1325 
N. Main, Wheaton, Ill 

Carrington, Kenneth E., Acting 
Chief Opr., City Sewage Trt. Plt., 
12 Wheeler Ave., Cortland, N. Y 

Carroll, R. C., Jr., Mer., Bd 
Pub. Works, Gaffney, S. C 

Carty, James M., Foreman, Asst 
Opr., Bor Phillipsburg, 17 W 
Thompson Ave Pleasantvi Eo 

Caruso, uss 
baume 

Ave 

Carver, Paul Er 

Charles A M A 


lurkshead Bldg., Prov 


Casey, Thomas J., Sar Eng 
Partner, Angus Hender 
Winthrop St Westbury, I I 
N \ 

Casparian, Robert, FE. F. Drew & 
( I Box 119, Boonton, N. J 

Caswell, J. D., 124 E. Commerce 
St Mi d Mich 

Caswell, Keith P., Jr., Pre 
Caswe gr. Co., 1318 Valde 
Ave., Minneay Minn 


Cates, Reuben, see Board of Pul 
Lt tle 
Cator, Ward F., Sales Eng Fluid 
Cor ( ( 315 Ridge 
Ave I adelphia 28, Pa J 


( 
William A., San. Engr 
Mead Corp., 


Cawley, 
Re Dept 
the On 


Cepero-Brewer, Frank, Cons 
Engr., ( 


onwealth Laboratiore 

Box 281, Hato Rey, Puerto Ric« 
Cerra, Frank, Vice-Chairma Put 
Ut Cor 4 Estelle St 
Saulte Ste. Marie, Or Canada 


Chapman, Floyd A., see Pacific 

ping Cer 

Chapman, John, Supt., Water & 
Sewer Dept., Hurricane, W. Va 


Chapman, Maro H.,, Jr., 
| ntle La., Ha 


Da tford ¢ 
( 

Cheney, John Guy, Jr., Supvr 
Facilitie & Mech. Design, Box 
3. Orland Fla 

Chiarovano, Robert B., Stud 

niv. of Washington, 804 S. Puget 

Sound St., Tacoma 6, Wash 

Chipman, 8. G., Pre S. G. Chip 
man & ¢ Ltd., Cons. Engr., 234 
Ouee Ave Londor 0 
( 


Christensen, George C., Chem., 
Nor 1 


Water Co., 1 


M 4in St., Norrist wn, Pa 

Chumard, Geary W., 
Chumard & McLouch, 4 
Ave Middletown, N. Y¥ 

Clapp, Milton, Jr., 237 Trarquil 
Ave., Charlotte, N. C 

Clark, A. F., Supt., Util., Box 8 
Waverly, 

Clark, Gordon E., Mir., 1 King 
Hwy. S., Darien, Conn 

Clark, J. C., Tech. Supt., Bowater 
Carolina Corp., Box 351, Catawba 

Clark, Joseph R., Assoc n 
Brinckerhoff, Quade & Doi 165 
Broad New York, N \ 
N. J 

Clark, Lawrence B., C. & O. Rwy 
Cx Box 1254-1255, Richmond 
Va. (Ala.) 

Clay Pipe Institute, Att ® 
Stein, Sec.-Mgr., 445 9th St., San 
Francisco 3, Calif. 


Cleland, Kalph R., 


San 


March 


1961 


Engr., Pa 


Dept. of Health, Box Harri 
burg, Pa 

Clesceri, Nicholas L., Res. Asst., 
Grad. Stud., niv. of Wisconsin, 
San. Lab., Madison 6, Wis 

Clista, Theodore P., San. Engr., 
Pa. Dept Health, 996 S. Main 
St.. Meadville, Pa 

Clock, Leon, Supt Trt. Iowa 
Boy Training School Eldora 

Coddington, Richard Dist 

lealth Engr., State Dept { 
Health, City Hall, Mitchell, 5 
Dak 

Coffey, L. E., Megr., Arlir n Util 
( 8 Va Burer gtor 
Ca 

Colby, George H., Ge 
6 Dowd St., Newingt ( 

Cole, Richard F., gr 
E. Ontar St Philadelphia 34 

Coleman, John C., ( Engr 

S. Dickey Clay Mig ‘ Box 
4 4 San 
Te 
Coles, Wilbur G., O 
nker Hill, Sta, 1 
( B Ore 

Colley, Darrell, Vice Ce 
& Schlee, I Box 55 thfie 
Mi 

Collins, John H., An 
etta ( Box 162 
N. Mex 

Collins, Paul J., Sec Gulf H 
Water Cor 5 ri] et 3S 
Biloxi, M 

Coloney, Wayne H., Pr Engr 
J. E. Greiner ¢ Ir 7 Frank 
in St., 7 

Compisi, Frank A., Su Wate 
& Sewer Dept Irchard , North 
Collir N.Y 

Connolly, Hugh H., t Area 
Engr., PHS, Div. of Indian Health 
Box 14 Billing Mor 


Continenza, 


water 7 5141 


Bedford Ht Bedford, 
, Victor L., De 


Contreras-Munoz 
4) ng R 


sign | iter 
Auth Box 
Puerto R 
Cook, Charles E., 
State Bd Health, 1 
view Rd., E., Jacksonvill 
Cook, Eugene M., Jr., 
Engr Dorr-Oliver Inc 
St Norwalk, Conn 
Cooper, Arthur 
Sar sewer 6th Fl 
Tampa Fla 


Cooper, D. E., As 
land Farmers Fr 


Copland, Robert 
Vice-Pres., Ca 
Ltd 


nat 


Coppola, Tom T., O 
Pinconning 


i 


ng, Mich 


Cord, Kobert 8., 
+ P 


Sewage 


byville, Ind 
Corley, Earl W., 
brook, Tex 
Cornett, Jack, 
Tulsa, Okla. 


Ralph, Supt., Waste 
chmond Rd 


Ohi« 


Jdr., 


& Sewer 


t. Chem., Auck- 
reezing Co Box 
vy Zealand 
P., Ge Mer 
ja Val & H 
162 Norman St 
anada 
City of 
S Pir 


Mer 


3122 


City 


Resident Insp., 
I 


fall, 


Shel 


Harris Ce 


Ox 


» oea 


Winston, 


4g 
4 
° 
4 
. 
renzo, 
Engr., 
Lake 
11, Fla 
an. Sales 
Bur. of 
ty Hall, 
. 
3 
re. Carne ( Chem 
Campbell & 
Greenup St., 
A 
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Corrosion Control Co., Ine., Att.: 


oseph Roach, Vice-Pres., 33 
W. 42nd St., New York 36, N. Y 
Cotterell, Jerry, see Idaho Falls 
ity ol 
Cotton, D. J., Canada Valve & Hy 
drant Cx Ltd 12247 Dover 
Court Cres Edmonton, Alta 
Canada 
Coulling, Oliver G., Supt., Augusta 
Sewerage Dist 25 Wade St., Au 
gusta Me 
Courchaine, Robert J., San. Engr 
Mich Water Resources 1 
18 Jones St., Lansing 1 
Covey, Harry E., Engr., 4 
Circle, Wethersfield, Conn 
Cowan, Richard 8., Cor Engr., 
lile Run Rd., MR Perkasie 
Pa 
Cox, t. OF; Cit Disp 
Pit., FI 5. 
Coxwell, Merrida Powell, Proj 
g aper Co., 451 
pt., 70 Osage 
( G., Pub. Rela 
sellert J et 
n 8, N. J 
Crase, G. H., Jr., Dist. Sale 
Mer., Horton Steel Works Ltd., 25 
Adelaide St. W Feronto 1, Ont 
Canada 
Crawford, Edwin E., 
ech State lept. of 


Crisler, ner, Miss 
Valley Highway 
SO, W., 

Crites, Richard R., Sr. Civ. Ener 
Asst Ind. Waste Div I 4 
Co. Engr., 631 W. Stocker, Gler 
dale Calit 

Crotlard, Bud, Opr City of 
Wenatchee Box Wenatchee 
Wash 

Crompton-Shenandoah Co., Att 
I). W. Snyder, Dir. of Re Drawer 

Waynesb Va 

Crose, David J., Asst. Water & 
Sewer Supt Eim Ct. Dr 
Zionsville Inc 

Cross, Reginald D., Supt Pub 
Works, Tow fassena, N. 

Cross, Willet C., Su; Sewage 
Pit 414 Cameror St Peter 
boroug Ont., Canada 

Crow, Merle L., San. Engr., War 
ren & Van Praag Inc., 253 S. Park 
Decatur, 

Culbert, James J., Supt., Sewage 
rrt., Pine St., Corunna, Mich 

Cunningham, R. L., Dist. Chem., 
lept. of ‘ater Resources 309 
City Bldg Asheville, N. C 

Currie, Frank H., Design Engr., 
Currie Engineering Cx 312 An 
dreson Bldg Bernardino, 
Calif 

Curry, Curtis C., Contractor, Box 
102 


3loomingtor 


Ind 
see C. & C 


urtis, Harry E. 
Construction 


n 
Marshall E., Dist 

1 


usic, 
Mer 


wor 


Chain Belt 
Ave., Rn 


0., 


Dair, Frank R., Civ 
Co. San. Dist., 
San Pedro, Calif 


Engr 


, L.A 
1918 W. 4th St., 


Dalbow, M. H., see Fisher Scien- 


tific Co 

Dankert, James E., Cons. Civ 
Engr., 150 E. Market St., In 
dianapolis 4, Ind 

Darnell, E. C., see Indiana In- 
dustrial Plating, Inc. 

Dastur, Dara, San, Engr Ont. 
Dept. of Pub. Works, Parliament 
Bidg., 49 Treadgold Cr., Don Mills, 
Ont., Canada 

Daveo Corp., Att N. Jack Hed- 
rick, Sales Mgr., 1828 Metcalf 
Ave Thomasville, Ga. ( Assoc.) 

Davids, Herbert W., see Suffolk 
Co. Dept. of Health 

Davidson, Norman  4J., 
Southern Gulf Utilities, Inc., 


siscayne Blvd., Miami, Fla. 

Davis, J. A. W., Jr., Cons. Engr., 
117 Hernando La., Cocoa Beach, 
Fla 

Davis, Richard E., 1718 E. Greer 
St., Durham, N. 

Davis, William C€., Sales Rep., 
Diamond Alkali Co 1 S. 12th 
St., Philadelphia, Pa 

Davy, Thomas E., Filt 
Div ichols Engineering & Re 
earch Corp., Peapack Rd., Pea 
pack, N. J 

Day, Dewayne D., San. Ener 17¢ 


Rayleston Rd., Rochester 9, N. ¥ 


Dayton, Martin J. J., Sr. Asst 
Engr., Greater Vancouver Sewer 
age & Drainage Dist., 1375 Ottawa 
Ave W. Vancouver, B. ( Can- 
ada (Pac. N. W.) 

Dearing, Fugene D., Asst. Supt., 
Sewage rt Pit., 2331 Chase, 
Anderson, Ind 

Deb, Arun Kumar, Grad. Stud 
Civ. Engr., Univ. of Wisconsin 
716 W Dayton St Madison 5, 
Wi 

De Bruyne, P. C., Pres., Moline 
Malleable Iron Ce St. Charles 
Ii! 

Deemer, William P., San. Engr., 
Pa. Dept. of Health, 996 S. Main 
St., Meadville ‘a 

del Campillo, Jose L., Chief 


Home Con 
54, 


Caribbean 
tion Corp., Box 
Puerto Rice 

De Nicola, Frank A., Sales 
Dorr-Oliver Inc., 
(N 


ngr., truc 


Bayamon 


Engr., 
Stamford, Conn 


DeQueen Water & Sewer Dept., 
Att.: Carl Hubbard, DeQueen, Ark 

Ders, Jerome D., Exclusive Dis- 
ributor, Chicago Pump Co., 622 
Diversey Pkwy., Chicago 14, Il 


DeSantis, William Seabrook 


Farms, Seabrook, N. J 

Despres, David R., Civ. Engr., 
Brewer Engineering, 632 N. Ball 
St., Owosso, Mich 

Devine, Milford E., Supvr., Water 


Pit. Prod., City of Tucson Water 


Util., 2842 N. Wilson, Tucson, 
Ariz 

Dexter, W. A., 1520 W. Georgia 
St., Vancouver 5, B. C., Canada 

Deye, James W., Pres., Jordan 
Engr. Co., Box 83, Cincinnati 43, 
Ohio 

DeZurik, David, Jr., Sales Dir., 
DeZurik Corp., Sartell, Minn. 

Dickinson, Orville L.,  Engr., 
Southern Clay Pipe Inst., 1401 


Peachtree St., N. E., 


Atlanta, Ga. 
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Dietz, Charles J., Supvr., Constr. 
Engr., Gannett Fleming Corddry & 
Carpenter, Inc., 606 ‘. 2nd St 
Harrisburg, Pa 

Diggins, Henry M., Opr., Sewage 
Pit., City Hall, Grundy Center, 
lowa 


Dindoffer, Carl G., Supt., Sewage 


Trt., Dundee, Mich., 
Milan, Mich 
Dinkelo, John H., 3 
Ave., Middlesex, N 
Dirasian, Henry A., 


Wayne State Univ 132 


Detroit 39, Mich 


19 


Asst 


4 


430 W. Main, 


Runyon 


Prof., 


Sarasota, 


DiSanza, Richard, Salesman, Dia- 


mond kali Co., 25 Colling- 
wood, S. W Grand Rapids 9, 
Mich 

Dixon, Jack H., Civ. Engr., J. 
Murray Africa Ce 113 Fourth 
St., Huntingdon, Pa. 

Dobbins, James A., Box 22, Spring 
Lake, N ; 

Dobert, Kenneth W., Structural 
Civ. Engr., Kenneth W. Dobert & 
Assoc., 3 Duluth St., Highland, 
Ind 

Dodds, Richard 8., Supt., Pleasant 
Hills Auth. Trt. Pit., 122 Cochran 
Mill Rd., Pittsburgh 36, Pz 

Dodge, Q. A., Sr. Pit. Opr., 3003 
’acheco Blvd., Martinez, Calif 

Dohaney, V. C., Dept. Natl. Health 
& Welfare Box 86, Moncton, N. 
3., Canada 

Dolan, C. H., Asst. Dist. Sales 
Johns-Manville Sales Corp., 
270 Madison Ave., New York 16, 
N. Y¥. (N. J.) 

Dommes, Sidney F., Jr., 32 
Portridge Ave., Oakland 5, alif 

Donnelly, Herold C., Supt., Water 
& Sewage Trt "1t.. 3003 Pacheco 
Blvd., Martinez, Calif 

Doty, Glen A., City Mer., Wallace 
& Tiernan Inc., 5610 Dyer, Dallas 
6, Tex 

Doty, Ronald N., Chief Opr., City 
of San Jose, 185 Butler St., Mil- 
pitas, Calif 

Dougal, Clarence J., Engr., San. 
ngr., wn of New Canaan, New 
Canaan, Conn 

Dougherty, William F., Mech 


Engr., 
Superior St., Alma, 
Downing, J. D., 2 

Oklahoma City, Okla 


Doyle, Carlos L., Lab. Tech., 
Indianapolis, Ind 


S. Madison Ave 


Doyle, Charles B., Chem., Water 
Poll. Control Auth., College Pk., 
Longwood Dr Rt. 4, Florence 

Drought, Frank, Chief Opr., Sew- 
age Pit., 41 Washington St., Port 
Chester, N. Y 

Dryden, Franklin D., Design 
Engr., Los Angeles Co. San. Dist., 
2020 Beverly Blvd., Los Angeles 
57, Calif 

Duffus, R. J., Chem., Albro Pack- 
ing Co., Springboro, Pa. 


Leonard Refineries, Inc., 
Mich 


E. 


N. Missouri, 


2147 


Dumler, William E., 7411 Kipling 


St., Arvada, Colo 


Duncan, Don, Pit. Supt., City of 


Salisbury, Salisbury, N. (€ 
Duncan, J. Howard, S$ 
State Board of Health, 
lon La., Topeka, Kans 

Dunkle, Glenn M., 
County Plan Commission 


an. Engr., 
5430 Ava- 
see Lake 


ra 
‘HE Sales 
E]m- 
4 
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Dunning, Sheldon, Pres., Sheldon Evans, E Structural Engr., L Foerster, E. L., Cons. Engr., 145 
Dunning, Inc., 311 First Ave., W H. Schwindt & Co., Ltd., Box 516 Campbell St., Harrisonburg, Va. 
Seattle, Wash. Burlington, Ont., Canada Foltz, Thomas R., Dir Chen 
Dutson, od, Megr., Sewage Work Evans Research & Development Res Lockport Felt ¢ rs , 618 
& B. Corp., Att Eric J. Hewitt, 250 Ketcham Ave., Newfane, N. 
ongs ouse, Bongs La., Offerton E. 43rd St., New York 17, N. ¥ re . 
rdyce, H. E., 811 E. 83rd St 
CSP y Stockport, Che I as Everett, Elmer C., Opr., Sewage , Kansas City 18, Mo 
: Trt 4 Cit of Canton 453 . ner tt 
Duttweiler, David W., San. Eng Lansing Pl., North Olmstead, Ohic S. Olle, Engr., Norrbotten 
U. S. Army, Dept. Sa Eng ; Arkitekt- och Byg 
Hopkins Univ Ewart, Bill, Opr., Sewage Pit., ntor, N AB, Vaavdensgatan 
Supt. Wa Eyer, Claude W., City Engr., City Fosness, D. » Johns-Manville 
s, SUP i 1] ndi orp., 4304 Stone y, Seattle 
ter & Sewer Dept. City er Ga Hi Glendive nt " tp Way, ittle 
tonia, Gastonia, N. C, iJ 
acciani, Leonard J., San ngr., ‘oss, Mark B., Civ. & Str 
Supt., San, Box 167, S. Main St., Milroy, Pa Engr., I & Co., 1 N. P. Ave ° 
; : Faleonieri, Salvatore L., Supt Fargo, N. Dak 
Eberle, Edward, Sales Engr., De Wallingford Sewage Trt. Plt., Wall Foxhall, Samuel B., Head Opr 
Laval Turbine Pacific Co., 201 I 
Millbrae Ave., Millbrae, Calii Faulkner, Larry J., Dist. Supt 
Eberman J., Shell Chemical Corp Suburb. San. Dist., 234 Karen Foy, John B., Clerk-Treas., Tow 
50 W. 50th St., New York 2 La., Colorado Spring Ha St, 
N. Y. Faust, Samuel D., Asst. Prof., Fraedrich, Edward C., Supt., Div 
S. W., Atlanta, Ga 
Eefting, W. T Dir Hen . Felsberg, A. T., Bell Telephone Franceschi, Kadames, Mech 
Clty. Lab., Murray Hill, N. J Eng Abarca Warehouse Corp 
American Dr., Miami 33, Fla Fernandez-Pol, Rafael, Chem : , San Juan 10, Puert 
Egginson, Howard G., Cons Puert Frank. J 
Beacon St., Boston 8, Mass 
Ehlers, Delmore ©. ¢ CI Ferrero, Joseph Lewis, Sat 
Brewing Liberty Ave., Pitts Pa Franzose, Anthony E., Box 
Kisenhauer, David L., Civ. Eng Fre: 1 
tes. Engr., Chester Engineers, 21 whe 
Forest View Dr., Huntington 5 ys 85 AV 
W. Va Fetter, T. &., pringhe Media, Pa 
} Be ale Cr Chestnu t hiladel Public Works Com: Drawer 
ville, Ala. | 
phia 5, | Fa N. 
Sup Uti Stee 
eo" & a Filipchuck, Ray R., Asst. City | Freeman, P. W., Chief Opr., Wa 
Finn, Edward J., Mfr., Keasbey Fretwell, Sam, Dept f Pub 
) ent fattis yardet r Uti nt 
Center Plaza, Rm. 15 Philadel itt 54, M 
phia, Pa is Friebel, W. A., City Engr., 
Elverett, Elmer C., Opr., Sewage ineret, Maar, Engr. Publi 
Trt. Pit., City of Cant Box Fritz, 1. T., Control Lab., Sinclait 
108, Magnolia, Ohio Refining 410 E. Sibley Blv 
H R Sans Fisher, C. W., Cher Engr Harve I 
Disp. Woke City Bide. Princeton pers ( Kopper Frommbholz, Hans E., Owner, J 
Ind ’ Pittsburgh Pa Her ( enter & Co., Saw 
Engel, Edward J., Minneap Fisher, Earl J., Opr., City of Mill River Rd., Yorktown Height i 
Telegraph Rd., Los Angele an Fuentes-Sanchez, Gustavo, Le 
Calif Fisher Scientifie Co., Att.: George ign Engr., P. R. Water & Sewe 
Engstrom, Tage, Pre — } McCa Mer : Furniture 711 \ tl Box Rio Piedra Puert 
AB, Lessebo, Sweden Forbe Pittsburgh 19, Pa 
Works, S. Dak. State Sanitori Fisher, Veril L., Mgr., North of General Ele 
Sanator, S. Dak River San. Dist., 5001 Olive Dr . Richland, Wash 
Bakersfield. Calif Fuhrman, Ralph E., Exe Se 
Leo, Owner, Supy dit Water Pollutio ontrol 
Co., 1318 Alicia St Tampa 4 Fisk, Garry L., San. Engr., PHS 
Fla Bur. of Reclamation, Reg. 4, Box Federation 4435 Wisconsi Ave 
N. W., Washington 16, D. 
3 Sa ike al 
RR | Fed Fuller, Harold E., Opr., Sewage 
al Woolpert rt. Plt.. Beloit 
Yellow Springs, Ohio Fiske, James M., Pres., Fiske-Gay . Kar , 
Estabrook, Herbert Supt Ass Box 7774, Orland N 
Sewage Trt. Pit., lesex bert 
House of Correction, Treble Cove | Fithian, T. A., Asst. Engr., Chester | Fullertom Robert We. teoh 
Rd., Billerica, Mass Engr., 30 Oregon Trail, Bethel . *PPiH 
Estep, Raymond, Asst. Opr., Sew Park, Pa F 
Trt. Pit.. 1013 Pleasant unkhouser, Blair A., Serv. Engr., 
Evanite Plastic Co., Dis 
Evans Pipe Co Att Walte Flannigan, Homer, Supt. Maint 
S. Prendergast, Gen. Mgr., Uhrichs Dept Jones & Laughlin Steel Gaines, Robert P., Chief Chem 
ville, Ohio ( Assoc.) Cory Louisville, Ohio J.C.S.A., Box 214, Bayonne, N. J 
Evans, C. E., Gen. Contractor, 1023 Fluid Controls Co., Ine., Att Gallagher, Thomas P., San. Engr 
Birnam Woods Trail, Indianapolis Philip H Putnam Pres., 5150 Interstate Sar Comm., 411 | 
20, Ind Ridge Ave Philadelphia 5. ae ? St., New York 67, N. ¥ 
Evans, D. R., City Engr., City Foehrenbach, Jack, Chem., NYS Galloway, William U., Civ. Engr., 
Hall, Sault Ste Marie Ont Cons. Dept 1 Elm St Islip J. E. Greiner Co., Inc., 207 N 
Canada Franklin St., Tampa, Fla. 
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Grahame, A. W., Jr., Sales Engr., 


Gran, Gunnar, Dr 


Granek, G., Engr., Partner, 


Grantham, George K., San 
Snyder Assoc., Box 4817, 


Gratiot, John P., Cons., 


Grogan, Charles J., Hosp 


Grumbling, Jay 8., 


Guillaume, Francois, Chem 


Hach, Clifford, see 
Goodell, J. Merrill, Webst« 
Hackney, Richard C., 


William M., Box 710 
Goodwin, Marion C., c. 


Gorchev, Hend, Mrs., 


Gordon, Roger V., Mar 
Utility Co., Box 414 
Fi: 


Bloomington-Normal 
R 3, Bloomington, Ill 


Gottschalk, Harry K., Civ 
203 E. Berry St., Fort Wayne, Ind. 


Haller, Ray C., Engr., L. T 
Couch Co., Inc., 1224 N. Capitol 
Ave., Indianapolis, Ind 

Hamilton, Ernest R., Cons. Engr., 
1403 N. Delaware St., Indianapolis, 
Ind. 

Hammock, Samuel E., Opr., Sew- 
age Pit. & System, Indian Rocks 
Seach, 807 S. Prospect, Clear- 
water, Fla 

Hammond, Virgil W., Supt., 
Sewerage 182( Lincoln Ave., 
Fennimore, Wis 

Hammond, William H., Res. Dir, 
Assn. of Washington Industries, 


Professional rts Bldg., Olympia, 
Wash 

Handforth, Colin H., Handforth 
Dawson, 523 Washington Sq., 


Marysville, Calif 

Haneman, A., Jr., 6005 Belfast 
Dr., Austin, Tex 

Hanes, N. Bruce, Stud., San. & 
Hydr Lab., Univ. of Wisconsin, 
Madison, Wis 

Hankins, Joseph, Supt. Sewage 

disp. Pit., Waverly, Ill 

Hanson, E. D., Contractor, 958 N 
127th St., Seattle 33, Wash 

Hansson, L., Engr., LBF, Platens 
gatan 11, Linkoping, Sweden 

Harbeson, H. R., Supt., Pit. Engr 
‘onstr. & Maint., Sutherland Paper 
Cc 43 E. Paterson, Kalamazoo, 
Mich 

Hardin, James S8., Opr., Sewage 
Trt. Pit., RR 5, Columbus, Ind 

Harding, Charles I., San. Engr., 
State Bd. of Health Box 2 
Jacksonville 1, Fla 

Hardleben, W. RK., see North 

onawanda, City of 

Hardy, K., Mgr., Util., City of 
Portland, 319 N. Meridian St., 
Portland, Ind 

Harmer, R. L. 
burg, Pa 

Harmon, Forrest M., Noel Water 
Co., Noel, Mo. 

Harris, Dennis R., Box 202, Doug 
las, Alaska 

Harris, Harland, Park Foreman 
Spring Mill State Park, Mitchell, 
Ind. 

Harris, Ingle R., Chem } 
Indianapolis, 214 W. Gimber St., 
Indianapolis, Ind 

Harrison, James B., dJr., San 
engr., Gen. Development Util., 
Inc., 225 Ave Malaga, Coral 
Gables 34, Fla 

Harstad, A. E., Engr., Pennsalt, 
Box 1297, Tacoma 1, Wash 

Hart, Charles Opr Mer., 
Bessemer Water Serv., 1301 17th 
Birmingham 11, Ala 

Harvill, Eddie, Dir., Pub. Works, 
City Hall, LaMarque, Tex. 

Hatton, A. L., Pit. Mgr., Opr., 
Cascade Utilities, Inc., 11600 S. E 
164th, Renton, Wash 

Hauser, Henry, Chief Opr., Sew- 
age Trt. Pit., 93 Coldenham Rd., 
Walden, N 

Hay, Richard N., City Engr., 
Mun. Engr., 1717 E. Oakwood 
Rd., Oak Creek, South Milwaukee, 
Wis. 

Hayes, Luther P., Jr., Asst. Supt., 
Water & Waste, Box 491, Laurin- 
burg, N. C. 


Haywood, Robert W., Pub. 
Health Engr., USPHS, Region 7 


1114 Commerce St., 9th Floor, 
Dallas, Tex 
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Ganley, Robert J., Cons. Engr 
: 36 State St., Albany 7, N. ¥ Nich ner. & Kesearch Corp., 
Garden, E. R., Cons. Engr., Box 80 Pine St., New York 5, N. ¥ 
4, Dunedin, New Zealand (Pa.) 
Garn, James E., Sales Magr., Gib Ee. of Engr., Royal 
: sonburg Lime Products ¢ Gib Swedish Acad. of Engr. Sciences, . 
onburg, Ohio Box 5 Stockholm 5, Sweden 
Garr, M. M., Pre Corr n Con 
: trol Co., Inc 40 Glencove Rd., Granek & Assoc., Cons. Engr., 
. Glenvale, Long Island, N. Y. (N 3089 Bathurst St., Toronto 19, 
1.) Ont., Canada 
Gault, Galen, Supt., Water & Sew- | Grant, James D., Engr., W 
be age Trt., Delta, Ohi Lake St., Skaneatele N. ¥ 
s Potts Assoc 3 Park Ave., Plain 
: ° field, N. J. (Pa. & N. J.) 
Gay, James L., Vice-Pre Sc, Gratiot 
Fiske-Gay Assoc.. Ir Box 7774 Engr. Co., 3 Central St., Wood 
o Orlando, Fla stock, Vt. 
Geddes, Howard C., Village Supt Gray, G. 0., see Anaconda Alumi 
161 Lakeshore W Port num Co, 
; Credit, Ont., ¢ ad Gray, Glenn C., Partner, Larkin 
Gee, Henry K., Asst. Res. Engr & Assoc., 19 E. Gregory, Kansa 
Univ { California Engr Field City 14, Mo. (Kans.) 
: Sta., Bldg. 1 Rict nd Calif Greblick, Jay L., Field Engr 
N General Eleetrie Co., Silicone Fischer & Porter Cc 
on Prod. Dept Att W. C. Giegold Mile, Detroit 3, Mich 
ey Waterford, N. ¥ Greeg, Nelson L., Opr., Longwood 
Gerlitz, F. Sale Me Cin Garden RD 2, Kennett Square, 
plex Valve & Mete ( } Pa 
: Orange St., Lancaster, | Greenwood, W. F., Dresser Mig 
. Germain, Frank, Jr., Sales Eng Ce Ltd., 21 Coronte Rd., Toronto 2 
= Yeoman Bre ( 11 Enola 18, Ont., Canada 
eK Ave., Kenmore 17, N. \ Griffith, Harold R., Opr., Sewage 
‘ Getz, Murray, Area San. Engr rt. Pit., 413 Brewer Pl., Green 
re, Alaska Native Health Service Box wood, Ind | 
7-741, Anchorage, Alaska Grigg, P. H., Salesman, Wallace & . 
: Gibbard, Clifford, Pit. 0; S11 Tiernan Inc., Box 53, King of 
i N. Lake, East Jordan, Mich Prussia, Pa ‘ 
Giegold, W. C., see General Ele 
Z trie ¢ Silicone Prod. Dept Summit Park Sanitarium, 32 | 
ory St.. Spring lle ¥ 
Gildea, R. E. L., Scl f Engr Hickory St., Spring Valley, N. \ 
Thornton Ha Univ Virgini Groh, Anton, City FEner., City 
Charlottesville, V Hall, Pendleton, Ore 
Gillam, Harold, City Engr., Box | iE Res. Ener, 24 | 
1348, Fairbanks, Alaska (Alaska & Hopkins Rd., Arlington 74, Mass 
i Pac. N. W.) Guarino, Carmen F., 6432 Ha 
ss Gillenwater, Lyhle, Ener State brook Ave., Philadelphia 11, Pa 
: Water Resources Charle 
ton 5, W. Va Ontario Water Resources Comm., 
Girard, Raymond L., Hoxworth 163 Glendonwynne Rd., Toronto 9 
; Behnke & Girard Ass« 13 King Ont., Canada 
Highway E., Haddonfield, N. J Gunderson, Kenneth G., Dist 
: Glover, George E., Me Ind Sales Engr., Chain Belt Co., 2701 
- Waste Trt., Cochrane Cory 17th W. Peterson Ave., Chicago 45, I 
& Allegheny Ave Philadelphia (Ind.) 
: Pa Gustitis, Alphonse L., Opr., Sew 
: Goddard, John M.. Owns M we Trt. Pit.. Great Neck Sewer 
: bile Manor Trailer Ct Lea Dist.. 23 Franklin Pl., Great Neck 
man Ave., St. Petersburg, Fla 
Goldie Charles A 
h Co 
fford Hach, 
Iowa (As 
City Engr., 
City, Calif 
> De; Box Hale, Thomas G., West Coast 
252, Rt. 5, Goldst o G Mer., W-K-M, Div. of ACF In- 
dustries, Inc., 3220 Arbol Dr., 
: soc., 223 Pierce Hall, Harvard | __ Fullerton, Calif 
I Mass Halgas, Chester R., San. Engr., 
2 : Pa. Dept. of Health, 996 S. Main 
Manates St., Meadville, Pa 
‘Hall, Charles, Asst. Supt., Ham- 
5 d mond San. Dist., 5143 Columbia 
Gore, Engr. & Plan- Ave., Hammond, Ind 
nin ) orks Comm., 51 
Russell St Fayetteville Hall, George L.,_Asst. Supt., 
( Gore, William W., Chief Opr., 
Sewage Trt., Box ¢ Ocala, Fl: 
age Trt., Box 609, Ocala, Fis: | John Hil & | 
| East, Pa. | 
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Hazen, John B., Mer., Butte Wa 
ter Co., Butte, Mont 

Hedrick, N. Jack, see Davco Corp 

Heilmeier, Carl, 215 W. Main 
St., Maple Shade, N. 

Heitzenrater, Paul R., Acting 
eg. San. Engr., Pa. Dept f 
Health, 71 N Franklit St 
Wilkes-Barre, Pa. 

Henderson, Earl, Opr., Sewage 
Trt. Plit., 6 Spruce St., Massena 

Herkenhoff, Gordon, Cons. Engr 
302 8th St., N. W., Albuquerque 
N. Mex 

Hermansson, Tor, Civ. Engr., ( 
Council of Vasteras, Skallberg 
gatan 9 C, Vasteras, Sweden 

Herwig, Lee C., Jr., U. S 
1110 Euclid Ave., Lawton, Okl 
(Cen. St.) 

Hewitt, Eric J., see Evans Re 
search & Development Corp 

Heyward, Bellamy, box 
Charlotte 3, N. C 

Heyward, T. C., Box 66, ¢ 
lotte 3, N. C. 

Hickman, Paul, City Hall, Spring 
field, Mo 

Higgins, Charles, 52 
Eureka, Calif 

Hill, B. K., Supt., City Water & 
Light Pit., Box 466, Easley, S. ¢ 

Hill, B. V., Chem., Water ¢ 
trol, Chemical-Microscopical Li: 
American Enka Corp., Enka, N. ¢ 

Hiller, Robert, City of San Lea 
dro, 3000 Davis St., San Leand 
Calif 

Hinchee, Robert F., Cher 
Thornton Lab Inc., B 88 
Tampa 1, Fla 

Hindman, C. R., Design Engr 
Burgess & Niple, 2131 Springl 
Dr., Columbus 21, Ohic 

Hinds County Water Co., Att 
G. M Lester, Pre sox Sl 
Battlefield Sta., Jackson, Mi 

Hipple, Blair, Sales Engr., Fische 
& Porter Co., 318 Pikeland Ave 
Spring City, Pa 

Hiser, Robert A., Ind. Hyg. Supvr 
Brush Beryllium Co., Elmore, Of 
Hoag, Charles C., Town Eng 
201 Brock St. S., Whitby, Ont 
Canada 
Hodell, Raymond W., 
age Trt. Pit., 3900 Richn 
Philadelphia 37, Pa 
Hodgskins, George, Jr., Pi 
Sewage Trt. Plit., Pinole, Ca 
Hoesch Bros., Eberhard, | 
serk-Metallwalzwerk, Duren/Rheir 
land, Germany 
Hoke, George C., Piatt & Day 
Assoc., 111 Corcoran St., D 


Holt, John W., Opr., Box 
Waverly, Ohio 

Holtback, Bengt, Government I 
for Handcrafts, Statens Hantve 
institut, Box 4012, Stockh 
Sweden 


Horlacher, Herman F., I 
Engr., Philadelphia Water Dept 
Penn Square Bldg., Phil Iphi 

Horvath, Robert, Lab. Tech., Ci 
of Dearborn, Sewage Div 
nicipal Bldg., Dearborn, Mi 


Housel, Larry D., San. 
E. Greiner Co., Inc., 207 N. Frank 
lin St 


, Tampa 2, Fla. 
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Houtman D., Partner, G. D. 
I on, 112 W. Front St 


Media, Pa 

Howard, Robert, Tech. Dir., Wau 
sau aper Mills Co., Brokaw, Wis 

Howes, William R., 127 Parker 
St., Middlesex, N. J 

Hubbard, Carl, see DeQueen Wa 


t & Sewe 

Huff, Frazier 0O., Opr., Sewage 
Pit fayette, Ind 

Huffman, Jack T., Opr Sewage 


Disp. | + E. 4th St., Marion, 
I 

Huffman, Loyd C., San. Engr., 
\ itgomery 1966 Burbank 
Dr.. Davton 6. Ohi 

Hughston, T. L., Engr., Greenwood 
Mills Dey 
S. ( 

Hult, Harry, 
tair Vie 


I Ave M 


Hunsinger, Richard G., Sar 
Engr. I, Fla. State Bd. of Health, 


Box Jacksonville 1, FI 
Huntington, City of, Att City 
Eng City H {ur d 
Husmann, 
Ilutchison, re 
Drummond, Mcé td 
Box | 
Ont., ¢ 


Hyams, Richard W., San. De 
gner N baumer 


Valey. Cedar St Centra 
I N. 


Idaho Falls, City of, Att Terry 
tterell, Supt., Sewer Dept., B 
Idaho Fa Idahe 
Indiana Industrial Plating, Ine., 
Att I ( Darnell >» 18 
Ke ky St.. Michigan Ind 


Indiana State Board of Health, 
i | W. N st 


Library, ichigar 
I i I 
Ingram, Fred R., West Coast A 
\\ i I Ingrar Cor 
Engr ramic Way, 
Creek, 


Ingulli, Charles R., San. Engr 
Have & Emerse 82 Gramer 


Pl., Glen Rock, N. J. (N. ¥ 


Irish, James W., Jr., Engr., 8 
lar Ct., RD Peekskill, N. ¥ 
Irving, David L., St Washing 
t State Univ 12 Bellevue, 
+ game, Calif 
N. W 


Ishill, James B., Albertville Ala 


Jaamies, Arre, OY Vesi-Hy 
Jalavatie Helsinki, Finlz 


dro AB, 


elgrave Sewer Dist. 
ngt I Great Neck, N. Y 
Jackman, William T., see Robin 
( duct Ce 


Rer 


Jaeger, Edward J., Dist. Engr., 
Permutit ( 204 Hart La., 
Jafri, Syed Ali Raza, Chem., K 
1) \ 8/11, Nazimabad, 
City-Karachi, W. Pakistan (Cen 


Jansons, V. John, Supvr., Sludge 
Dis I inapolis San Dist., 


Jarvela, Arthur L., Civ. Engr., 
Mair t I 


aint. Dep ongwood Gardens, 


Jauregui, 


Engr. G 
1206 4th 
14, Mini 


Jaworski, 


33° Clyde 


Mareh 1961 


Luis Urbano, Civ 
Uni 


ad., niv. of Minnesota, 


Minneapoli 


Charles A., State Engr 
Rd., Manchester, Conn 


Jenkins, F. H., Reg. Engr., 1314 


S. Ali Dr Apple , Wi 
Jensen, Carroll M., Supt., Util 
l 5 Vashington, New Uln 
Mint 
Jensen, J. A., Asst 
f Oregor 
Beavertor 


Jergensen, Jack, Sale 


Farna 
Jewell, 


Ceda Sprir 


St.. Omaha, Nebr. Clows 


ranklin L., Foren 


g Metre Dist., 2 


Jikutz, Theodore, Supt., Sewerage 
427 ( I ] 


Johnsen, 


Inwood Rd 


Johnson ¢ 


Mi 
Johnson, 
& 
Univ 
Johnson, 
Dura 
Johnson, 


i 


Johnson, 


I 


Te 
Johnson, 
Irt. | 


Kar 


Johnson, 
Pit I 


Box 

Johnson, 
1) 

4851. 


Johnston, 


fepair | 


E. 58 Terr 


Johnstone, 
I 


Eng 


Che 


In 


Jones, Henry 
} nt 


I 


Carl, Opr Sewage Trt 
Neck Sewer Dist., 


Anderson, 
tate Bank Bld 


Dean W., Stud Dept 
reventive Medicine, State 
Iowa, Iowa City, lowa 

George, Asst. Opr Sew 
Pit 405 


Oak St 
Mick 
John Alfred, San. Engr., 
Cx lealth 104 
Hwy Rockledge, F! 
John \ 
Bldg ttanoog 
Lowell, Supt Sewage 
x 754, McPI 
Robert, Supt Di 
of Mooresville, RR 
Mooresville, Ind 
Robert L., Sale n, 
la n & Asse Box 
ksonville 1, Fl 


Lawrence M., Sewer 
reman t 11 
Kansas City 33, Mc 
George W., 
Dept. of Healt! 
St., Lewistown, Pa 


L., Salesman, Val 
14 cht 


Jones, Owen C., Mir., Box 151 


Wellesle 


Hi 82, Ma 


Jones, Wallace D., Mech., Sew 
wwe t. 31 


La 
Jones, 


Kinley, 


w 


Inc 
illiam Allen, Laval Un 
d Surveys, 2216 | Mc- 
Frest 3, Calif 


Jonesboro, Town of, 414 S. Main 
or r 


Ind 


b 


Elliott Sale Engr., 
n 


ninum Co., Rm 


Joseph, 
V ashingt« 
N. 


Jurado, 


Post Office, Apollo Be 


John Noriega, Supt., 
I 


feach n¢ 
] ach 


Kagy, Joseph F., Airkem Sales of 
In 1789 cer 


Toled 


Toled 


Kahn, David B., Assc« Chem 


15812 Kentucky, 


| 
| 
rg, 
“4 Ine., 1307 
re, g., Pontiac, 
| 
— 
and (N 
af 
t 
4 k 
ag 
Apoll 
ra. | 
Fla 
7 
4 Engr, Detroit 
K 38, Mich 
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: Kailer, Birch A., 3707 Yosemite Knight, W. E., Chem., N. C Laverty, Bud, Janss Investment 
a Ave., Baltimore 15, Md State Stream San. Comm., Box Corp., 100 Ventura Blvd., Thous- 
? Kalichmay, Sam, _ Dist Engr., 9392, Raleigh, N. C and Oaks, Calif 
5 Calif. State Dept. of Health, 219% Knoell, H, F., Town Mgr, Town Lawton, George W., Sr., Supt., 
baie Lugo Ave., San Bernardino, Calif of Orange, 119 Belleview Ave., Sewage Trt. Works, Village of t 
} Kapka, Joseph A., Opr Lake Orange, Va Vicksburg, 202 S. Main St., Vicks- 
ie Hiawatha Sewer Dist. 1, 150 Hi Koehler, Melvin L., 777 Pole Lane burg, Mich. : 
be awatha Blvd., Lake Hiawatha, N. J Rd., Rt. 1, Marion, Ohio Leach, Jim G,, Sales Engr., Pacific 
Ms Kase, Raymond T., San. Engr, Kolln, William K., Staff Ener., Pumping Co., 114 W. Harrison, 
- 1110 N. 13th St., Reading, Pa Johns-Manville Prod. Corp. 22 E Seattle, Wash 
case Ss ner. Cl 40th St., New York 16, N. Ledbetter, Joe Overton, Asst. 
Kaser, Kent 8., San. Engr yde 
E. Williams & Assoc., 1704 Crest Kough, Frank, Chief Opr., Sew- Prof., Univ. of Texas, 4008 Ave 
wood Blvd., South Bend 15, Ind age Trt. Pit., 100 W. Clinton St., D, Austin 5, Tex 
} Kaufman, Warren J., Assoc. Prof., Logansport, Ind Ledom, George, City Engr., City ; 
3 San. Engt Univ. of California, Kraft, Ronald, Opr., Village of Hall, Ottawa, Kans 
Sie e Engr. Bldg., Berkeley, Calif Caro, Caro, Mich Lee, Hilary W., Opr., Sewage Plt., 7 
; Kay, Garnet H., Dist. Engr., Ont Kridler, Edwin C., Town Engr., 1205 Baltimore St., Mobile, Ala 
‘4 Water Resources Comm., 1 Royal 1450 N. Lyndhurst Dr., Speedway Lee, Willis L., 332 Railway Ex 
York Rd., S., Toronto 18, Ont 24, Ind change Bldg., Kansas City 6, Mo 
i Canada Kristofferson, Robert M., Chief Lees, A. M., Jr., San. & Hydr 
-F Kearsh, Dean A., Acct. Exec., J Opr., City of Kent, City Hall, Engr., Lechner Engr., 227 Clinton 
my Walter Thompson ( -» 4 Lex Kent, Wash St., Boone, Iowa 
; ington Ave., New York 17, N. ¥ Krobofh, Otto, Grad. Stud., Civ Lehn, Martin L., Opr., Sewage & 
¥ Keegan, Frank J., 16 West St Engr. Dept., Purdue Univ., West Ind. Waste Pit Naval Air De 
. San Rafael, Calif Lafayette, Ind velopment Center, 2240 Wodock 
4 Keene, Arthur R., Mer Radia Kunitomi, Tadahiro, Dir. Gen., Ave., Neshaminy, Pa 
tion Protection, General Electric Japan Waterworks & Sewerage LeJoie, Jean-Paul, Engr. Water : 
Co., Box 1 Richland, Wash Assn., 23 Banchi, 2 Chome, Moto- Works, City Hall, Sherbrooke, 
i Keeney, Lewis H., see Beltor Machi, Bunkyo-Ku, Tokyo, Japan Que., Canada 
: Yarn Mill Kuszmaul, George E., Supt., Wa- Leonhard, Harold M., 797 Cen- 
a Kendall, David A., San. Engr ter & Sewage Trt., 205 E. Bound- tral Ave., Wyandotte, Mich 
»| Navy Dept., 4825 Langd re ary St., Perrysburg, Ohio Lessard, J. Richard, Cons. Engr 
Chevy Chase, Md Fed 6786 Delormier St., Montreal, 
Kennedy, Sterling RK., Fee Fee Laak, Rein, Pub. Health Engr., Que., Canada 
2 Trunk Sewer Inc 1 8 St Northern Health Services, Dept Lester, G. M., see Hinds County , 
: Charles Rock Rd., St. Ann, M Health & Pub. Welfare, Box 91( Water Co 3 : 
5 k. J H The Pas, Man., Canada : . 
— Millbrae. Calif LaBahn, Edward A., James M. B F 
Kerio, Aboud, Stud Univ Pasadena, Calif 
Ny Idaho, 221 N. Cedar, Lansing 29, | paberge, Ronald H., San. Engr., | LeVan, Howard A., Jr., Cons 
3 Mich. (1 NW NYSDH, 8 Dennis Ave., Loudon Engr., 25 N. Front St... Harris 
2 Kerrigan, James E., Stud, Univ ville 11, N. ¥ burg, Pa 
" of Wisconsin, Hydr. & San. Lab,  [Lapboon, J. L., Dir., Allegheny Co. | Lewis, Guy C., Mayor, Chairman, 
Madison, W San., 3300 Preble Ave., Pittsburgh Bd. of Works, City Hall, Alex 
evs, Oocar M., Sewer Pa andria, Ind 
sign Group, Baltimore (¢ Office Lagerstrom, Olof, Engr, Mo and Lewis, Ray E., San. Engr., Orange 
Bidg., Te 4, Md Domsjo Pulp Mill, Mo och Domsjo Co. San. Dist 1952 Running : 
Kiefer, John, see Reynolds Meta AB, Forskningslaboratoriet, Orns- Branch Way, Tustin, Calif 
Ce koldsvik, Sweden Lewistown, Village of, Att 
ide rt LaGuire, Darl, merican Box Lewis R. Quiett, Lake Rd., 
It., Buffa ew ith., 4 ‘ Mi 
ton Ave Buffalo 26, America, Filer Lieb, Joseph, Opr., Loisdale Util 
Lake County Plan Commission, Corp., Box 44, Triangle, Va 
: Franklin St., Reading, Ma Joliet St.. Crown Point, ind Lightfoot, Fdward, 2113 Oakview 
Kinport, Lyle, City Eng City John ( n. Engr Dr., Jeflerson City, Mo. 
amont, Fe ARB 
Hall, Mitchell, 8. Dak Sinc lair Refining Co., Marcus [issack, James L., Engr., Bd of 
j Kinzel, Ralph C., Re Chen Hook, Pa Health, Box 98, Green Bay, Wis 
a Waterviiet Paper C Watervliet, N Little, W. E., Frito-Nicolay, Dan- 
Mich George, et ewfane cey Co., 5845 Grandy, Detroit 11. 
Mich 
duc it Work 
= Mer Dravo Corp., 156 Broad St., = 
a Kish, George, Op Sewage Trt Lynn, Ma Works, Box 566, Coronado, Calif. 
Municipal Bidg., McDonald, Lang, W. Gerald, Sec.-Treas., In Ch n., City f 
cinerator Bd., Mimico & New 1 | alls, 1349 Maple Ave., 
: Kissane, James F., Jr., Town Toronto, 261 Church St., Mimico Niagara Falls, N. \ 
: . Engr., Box 206, Berlin, Conr Toronto 14, Ont., Canada Locke, Grant M., Mather Con- 
Kleffmann, Robert J., San. Engr, Langley, William L., Opr., Water Engr 
Hydrotechnic Corp., 144-64 San- Dept., City of Titusville, Box 823, Canad. t., Feterborough, Ont., 
ford Ave., Flushing 55, N. ¥ litusville, Fla — 
Kling, Walter J., Chief Opr Larmon, Alex C., Proj. Megr., of, 
Rahway Val. Sewerage Auth., 208 Union Carbide Chemicals Co., 4505 nerry ot., Lockport, 
: S. Union Ave., Cranford, N. J Spring Hill Ave., South Charles ee 
Klinger, Lloyd L., Tech. Asst. to W- Va 
Pres., Whippany Paper Board Co., Latham, Edward B., Engr., Gen Didg., Varroilton, Ay 
A Inc., 1 Scenic Dr., Rainbow Lakes, Supt., W. K. Batson Co., Box Logsdon, Ora, Supt., Disp. Pit., : 
a Denville, N. J 3673, Charlotte 3, N. C City of Brighton, Firestone, Colo 
j Knectges, 0. J., Engr., Mead & Latsha, Guy J., Chief Opr., Boro. Londrigan, William, Stud. 610 
# Hunt Inc 320 Univ. Ave Box of Carlisle, Box 455, RD 2, Car State St., Boone, lowa 
Madiso i sle 
, Madison, W lisle, Pa Long, David A., Engr., Drainage 
; Knight, Charles H., dJr., Civ Lauria, Donald T., San. Engr., Basin Engr. Comm. on Water 
Engr., Portland Cement Assn , 816 Cher trand | Corp., Bennett Rd., Poll., State Bd. of Health, 320 4th 
7 W. Sth St., Los Angeles 17, Calif RD 1, Camillus, N. Y. St., S., Wisconsin Rapids, Wis. 
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Long, George S., Office 
I). Barstow & Assoc., 81¢ 
Ave., Akron 5, Ohio 
Longley, John M., Gra 
Univ. of Illinois, Neve 
Norway, Me. (Cen. St.) 
Lopez-Ruiz, Victor Luis 
P. R. Water & Sewer Au 
Elma St., Caparra Ht 
Piedras, Puerto Rico 
Lorentz, Ralph W., 
ices & Shipping, Int 
erals & Chemical C 
Bartow, Fla 
Ch.-Leon, 
Poll. Control Bd., 
Que., 120 Vimy St., 
Que., Canada 
Los Angeles Municipal 
ence Library, 300 City 
Angeles 12, Calif 
Loveless, J. 
Amercoat Corp., 
view Dr., Rt. 
Wis 
Lovell, J. W., Supt., M 
Water & Sewer Dept., 
Murfreesboro, Tenn 
Lovell, T. R., Cons. Eng 
& Winter Engr Ins 


Lorrain, 


F., Sa 
N68W 


Menominee 


change Bldg., Sioux City, I 


Low, Milton H., 
Haddon Heights, N. J 

Lowder, Ray D., Pre 
Lowder, Inc., Box 111 

Lowe, Guy E., Coats 
Toccoa, Ga 

Lubker, Robert H., Con 
wood Rd., Wellesley 8 

Lucas, Joseph V., 

St., Harrisburg, Pa. 

Lucey, John F., C 
velt Engr. Co., 4 
New York 16, } 

Lun , Wilton B., 
Sewage Trt. Dept., 
wood Dr., El Paso, 

Lund, W. C,, Satety 
Carbide Plastics Co 
Bound Brook, N. J 

Lunebach, R. J., Eng 
46th St., New York, N 

Lyle, George L., Jr., 24 
try Ave., Lakeland, Fla 

Bart T., Jr. Ci 


Tex 
Dir 


Riv 


Lynam, 
Metro. San. Dist. of Gre 
cago, 4506 Washington 
cago 24, Ill 

Lynch, Arthur J., Jr., 
Wallace & Tiernan 1 
207-A, 300 Mt. Le 
Pittsburgh 34, Pa 

Lynch, Victor K., At 
Burgwin, Ruffin, Perry 
2323 Grant 
Pa. 

Lynd, Edgar R., Stu 
Oregon State College 
50th Ave., Portland, ¢ 

MacDonald, R. C., Con 
Bowaters Southern Paper 
Calhoun, Tenn. 

Alfred, 2404 
Dr., Silver Spring, Md 

Macioce, Frank M., 
Industrial Filter & Pun 
Ogden Ave., Cicero 5 

MacKay, A. M., A. M 
& Assoc 849 2nd Ave., 
Sound, Ont., Canada 

MacWilliams, S. A., 
Leitch Co., Ltd., 148 

Ave., Willowdale, Ont 


Machis, 


109 Statior 


KRefer- 
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Maini, William L. 


Maini, Hi 


Edward 


Malec, 
il ¢ 


Malhotra, Sudershan 


Kumar, 


Grad d., Univ. of Wisco 


111 Regent St 
Malla, Hirany: 
State Bd. of H 


& San. Er 
Mallard, 
Eng 


Madison, Wis 
a Jit, PHI 
ealth, Bur. of 
Ariz 
James P., Jr., 
Palmer & Malor 
Law Range, Sumter 
Malley, Anthony J., 
3 | venesee St 


g Phoet 


Malloy, James J., O; 
St., Hartford 5, ¢ 
Malmgren, Sune V., 
Ener Sut t Corp 
\ is Comptor 
Mangum, Robert 8., 
Eng Dept. of Pub 
2 City Ha \lexar 
Mann, Donald, Head 
RR 1, London, Ont 
Marcinkowski, Henry, 
Co., Health De 
Ave., B l 
Marcuse, 
( 
(ale 
I 
Maricle, Harry, 
isha, Okla 
Markwardt, k. W., 
Waste D 
Box 81, I 
Marshall 
Lid., ( 
Rd., Don Mi 
Martin, David W., Stud 
f Wisconsir 171 


Adrian 


Madi 5, Wi 
Martin-Lof, Rutger, 
warnas | Mi 
Ce AB, Mor 
Mason, Charles, Op 

Bea St lama 
Massey 
I d B g, Fa ax, Va 
Masterson, Joho M., Griffir 
Div evar 
( 


Matchett, 
M ‘ 


Robert, Opr 
in, Iron M 
Matz, John W., Dist 
& | ( l 
1) 
Mauldin, W 


N. 
Maurer, Fred ¢ 
t \ & 


May, 
\ Ga. K 
May, Martin, | 
Dixie Box 
G I 
Mayes, 
M \ 
Ave Aliquipy Pa 
Maynard, Everett L., 
{ Holder 


Wilbur L., 
Autl 


Rd., Jefier Mass 
Mayo, Ernest, 

Pit 
Mayo, Richard W., 

Box 447, Hickory, 


(reer 


\ 


Eengineers-Consultants, 


March 


MeCabe, Brother 
Civ. Engr. Dept 
lege, New 71 

MeCauley, 
Clarks S 
Clark S 

MeClelland, 
Gregory Blvd 

McClure, 
of Sandusk 
dusky, Ohi 

MeClure, Harold R., Cx 
Harold R McClure 
3601 S. Dixie Hwy 


Joseph, 
Manhattan 
N.Y 


George 
Kan 


rank, Sar 


Perry 


McClurg, Don 
City rawls 
Crawfordsville, Ir 

McCoy, Thomas F., Supt., 
age It., Croswe Mich 


McFall, Thomas W., Opr 
rt. | ity ol 


S. Thone St 


MeGill, Doug 
Ameri (yanamid 
Harrisor Ave North 

MeGinness, 


H 


las, 


Jobn 
Er 


MeGraw, James C., 
Ave., Birmingha 
McHard, Dale, Stat 
5, Okla 
MeIntosh, G. H., 
Contr 
Products ) 
McJunkin, Charles D., ( 
565 Cat Ave We 
Ohi 
McJunkin, 
Engr slack 
Eng 
Vi 


Frederick 
I & Blauvelt 
B n St 


Chape Hill N. 


McKellogg, Charles, 
t Div ( 


‘nna, Francis M., Off 
ige Pit I 
Inc 
MeKersie, Jerome Roger, 
Da 
Madison, W 
McKinley, John A., 
Fairbanks-Morse & (¢ 
Pa I N. J 
McLane, Thomas, 
icksburg, M 


McLeod, 
Nict 


MeMannis, Gordon 
1 She R Che 
Ma 

MeMorrow, Thomas 
Sar tra Ce 

Dept 


MeN 
Tavish, 
t. Water 


Mechanicsburg, Boro. 
Nailor, 


of, 
Jr Sut 
W. Main 
‘a 
Edward, Opr., 
Belgrave Sewer 


Blvd., 


Mel 


ek, Ni 
It., Dist., 
Little 


196] 


Head, 


Port! 


Neck 


hinook mes, yniewicz & Mckee, 
“259 604 | Ave., Cambridge 39, 
Ave Maleom, Ray, see Pon a Prod Bldg 
Eng J., see Mobay 632 
h., 538 City 31, 
Serv st San 
Mit Ariz 
8 
gr. Co., 
Water Assoc yton 3 
i 
gr 
Engr 
Ha 
— 
Broad 
Eng < 
cw 
aa Fai Field and 
Fa 6 | 
+ esbori Serv | 
ee x 46, Rm Corp 5 
a. PL 
Buell 
Canada 
Engr Jr., Cor 
Ave Fi on, Houstor 
Ray D Engr., hidestet 
Long 
Dep 
Clark, a Cit 
Chick 
. 
30 Lee- Cher 
Mgr., Maize 
Eng 
au Mills 
Ave. S., la 
Univ Cos 
Ipr., Cor 
Sher- Victor 
(Va ‘ 
Skog Ohi 
Pit., ( 
Mar 
Cov 
Pipe gr 
Engr., 
iver, 
Chi 
Chi Iron 
Eng Bd 4 : 
Bly 
e Rd., 
ae I Rep., Ltd., 4544 Dufferin St., 
i. E., Mir., 
og M t H 
c vage Works Maga 
eg Wabash Ave Chi M., Dir 3 
Co. Health 
& Paper rtinez, Cali 
Cory lac Ga mard, Supt., Sewage 
mr ireactor of ndon, Ohio : 
estead Douglas A., Engr 
Resources Comm., 3¢ 
miel Up Park Dr., Toronto 17 
Engr., Franklin 
» 
Att 
meee San. Engr t of 
bac Nay t 
Owen M 
Sewage Trt. rt 
ur Poledo, Lowa 1-01 
immer City Megr., N 63, 
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‘ Mendez, Louis A., Draftsman, Gen Monteiro, Jose’ Koberto = de New Carlisle, Town of, New 
Ne eral Development Cor; 14 S Kego, San. Engr., Dept. of San Carlisle, Ind 
$ W 3rd St., Miami 45, Fla Sewers, City of Rio de Janeiro, Newfane, Town of, Att George 
: Mennes, Mary, Miss, Grad. Stud., R. Jeronimo Monteiro 36 ap. 402, Lampe, Sewer & Water Dept., 
Re Asst San. & Hyd Lab., Rio de Janeiro, Brazil, S. A. (Cen Newiane, N. Y. 
Univ. of Wisconsin, Madison, Wi ot be Nicholas, Merle H., Engr De 
Merriman, Carl E., Opr., Conway Montgomery, J. F., Supt., City of signer, Louis C. Kingscott & Assoc., 
a Sewage Auth., 251 10th St., Ce Myrtle Beach, Myrtle Beach, 5. ¢ 511 Monrve St., Kalamazoo, Mich 
Jet way, Pa Montgomery, Walter L., 9711 Nickersan, John, Sales Engr 
- Merritt, Billy KR., Supvr., Water 67 A St., Edmonton, Alta., Canada Rockwell Mfg. Co., Box 1181, 
& Sewer Pit., Reidsville, N. ¢ (Pac. N. W.) Atlanta, Ga, 
Metrovich, Mark E., Chief Opr Moore, Finley H., Dist. Engr. Niles, A. H., Cons., 433 N. E. 33rd 
Sewage Pilt., 1035 Central Ave ing Box 292, St., Boca Raton, Fla. (Ohio) } 
racy, Calif Nixon, Perey C., City Engr., City 
Metzger, Ivan, Asst. Prof., New- Moore, Vail H., Cons. Engr., 101 Hall, Clarkston, Wash 
3 ° ark College of Engr., 45 Sherman W. Ottawa Rd., Paxton, Il. Nixes, May A.. Chief of Comm 
2 Pl., Morristown, N. J Morrill, Leigh W., Boro. Engr., City of Atlanta, 303 City Halli’ : 
; Meurer, Charles, Meurer-Serafini Essex Fells, N. J Atlanta, Ga. : 
Meurer, 1815 Federal Bivd., Der Morris, W. Brewster, Sales Engr., | Noel, Carl F., 920 Grayson St 
ver, Col 85 Daniel Blvd., Bloomfield, Conn Berkeley, Calii 
™ Meyerson, Lawrence A., Sr Wa Morrison, RK. L., Cons. Engr., Box Noel, Jim S., 107 W. Circle Dr 
oe ter Poll. Control Engr., I Angeles 1500, Hattiesburg, Miss Jefferson City, Mo : 
Reg. WP Bd., 5¢ N. Harpe Morriss, Robert H., Ind. Wastes Nogaj, Richard J. Jr Civ 
2 Los Angeles 48, Calif Engr., City of Atlanta, Stockbridge, Engr., Metro. San Dist. of Chi 
- Miles, Henry J., Prof., Civ. Engr Ga cago, 5901 W. Pershing Rd., Chi- 
K Univ. of Arizona, Tucson, Ariz Morrow, L. W., Member, New cago 50, Ill 
i Miles, W alter A., Clay Sewer Pipe port Util. Bd., Newport Utilities Noll, George W., Supvr., Publis 
‘ Assn., Inc 7 Brecon | Cockey Bldg., Newport, Tenn Works, Ravenswood San. Bd.. 111 
“ ville, Md Morrow, Raymond, Chief Opr., Henry St., Ravenswood, W. Va 
Miles, William B., Georg Mile City of Pasco, City Hall, Pasco, | Norman, Ray E., Supt., Dept. of 
& Buhr, 803 Hanover St Salt Wash San., 107 E. Bond Ave., Marion, j 
bury, Md Morton, Donald 8., see Cromp Ind. 
a Miller, Alvin H., Stud. Engr., 5749 ton-Shenandoah Co Norman, 8S. K., Sales Engr., A. O 
fe Walrond Ave., Kansas Cit Me Mosher, Harry D., Assoc., Mosher | Smith Corp., 634 S. Dryden St., / 
(Lowa) Assoc., 14050 W. McNichols, De Arlington Heights, I)! 
~ Miller, Dean, City Engr., Box troit 35, Mich. Norris, Samuel D., Supvr., Util., 
: Santa Fe, N. Mex Most, BD. S., Halifax Paper Co., Warner-Chilcott Lab Morris 
‘ Miller, H. W., Chief Engr., Car Roanoke Rapids, N. ¢ Plains, 17 Clark St., Mt. Tabor, : 
i penter Steel Co., Reading, Pa Mount Vernon Sewer Dist. Att N. J 7 
Miller, Harold E., Exe Di Albert G. Bell, Sec., 36 Hall Dr., North, James A., Jr., 1300 52nd 
‘ Municipality of Metro. Seattle, 152 Hamburg, N. Y Ave., N., St. Petersburg, Fla 
: Denny Way, Seattle Wash Moutrey, Curtis E., Pres., Mou North Tonawanda, City of, Att 
> Miller, Joseph, Prin. Opr Disy trey & Assoc., Inc Box 6005, W. R. Hardleben, City Hall, North 
Pit., Green Haven Prison, Rossway Tulsa 6, Okla. (Miss.) Tonawanda, N. ¥ ' 
Rd., Pleasant Valley, N. Muck, William J., Supt.. Sewer Northampton, Boro. of, 
Miller, Robert J., 3 W. Dakota Maint., 501 Sth Ave., Oakland 6, Stanley Skrocki, Boro. Mgr., 1516 
Hill of Saukville, Wi Calif Main St., Northampton, Pa 
3 Miller, W. C., City Eng 67 Mullis, Gail J., 371 S. Bemi Norton, John J., Resident Engr., 
= Gladstone Ave., St. Thomas, Ont Littleton, Cok Freese, Nichols & Endress, Cons 
ou Canada Munger, John C., Vice-Pres., Su Engr., Box 47, Texarkana, Tex 
if Mills, Donald A. B., Grad. Stud pervising Engr., McMahon Engi Nosenchuck, Norman H., Engr., 
"i San. Engr., 1213 Kynlyn Dr., Wi neering Co., 13205 E. Charlevoix Box 183, Mountaindale, N. Y. ; 
mington 3 I Detroit 15, Mich Nowotny, Franz, Dip!.-Ing. Dr 
i Mimnall, Benjamin, Mer, Bor Murdoch, John H., TE, Pub. Re techn., Neustiftgasse 15, Vienna 
Cr Sewer Div M lations Cons., Pa. Dept. of Health, VII, Austria (German) 
Bldg. Box 90, Harrisburg, Pa Nusbaum, Sewerage Div., City 
: 4 Murphy, Richard Sage, Dept. of of San Diego, 1970 B St., San 
of, Wi Civ Engr., Pennsylvania State Diego 2, Calif 
y City Hall, Minneapolis 15, Minn Univ., University Park, Pa Nyman, Frank E., Tryck, Nyman 
Murtagh, Anthony, Opr., Sewage & Assoc., 545 E. Fourth Ave., An 
we I'rt. Pit., Great Neck Sewer Dist chorage. Alaska 
Div. H 180 Cleveland Ave., Mineola, N. Y. 
‘ ealth vi nen 
= , Health, Alaska Office Bldg., Juneau, ; : Oaks, Earnest L., Engr. in Train- 
v Alaska (Pac. N. W. & Alaska Naas, Elbert W., Supt., Sewage ing, Ohio Dept. of Health, 306 
Mitchell, Oliver M., Dist. Engr S. E. Pitzer St., Rose Ohio Dept. Bldg., Columbus 15, 
Cling flee tant 206 Ohio 
: Claiborne Ave lackson 6. Mi Nailor, George W., sce Mechanix Ogden, J. Stephen, Proc. Engr., 
: Mi S.. Mend bhn-St P Blas burg, Boro. of Ashland Oil & Refining Co., Box 
Napoleon, City of, Att.: Burdette 391, Ashland, Ky. (Ohio) 
W. Russell, Design Rep., Sewage O'Keefe, Ronald T., Engr., H. W 
Mobay Chemical Co., Att Ed Trt. Pit., Napoleon, Ohio Lea, Cons. Engr., 269 Northcliff, 
ig Supr., | New, Thomas J., Neff & Assoc., Rosemere, Que., Canada 
6886 Pearl Rd., Cleveland 30, Oldfield, S. L., Chem., Auckland 
of Monagin, Robert, San. Engr., Hub Ohio Farmers Freezing Co., Box 90, 
a bell, Roth & ¢ lark, Inc., 528 De Nelson, Elmer W., Pit. Mer., Auckland, New Zealand 
Villen, Royal Oak, Mich Bachmann Uxbridge Worsted Co., | Olejniczak, Bert F., Opr., Fore- : 
Moncrieff, James I., Sales Engr., Div. of Amerace Corp., Cedar man, City Sewage Dept., 530 Dun- 
: Diamond Alkali Co., 12 S. 12th town, Ga dee, South Bend 19, Ind » 
St., Philadelphia, Pa. (N. J.) Nelson, LaVern C., 911 16th St, Oleson, Francis L., Supt., Sewage 
“a Monn, Edgar P., Serv. Engr., Greeley, Colo 2 Pit., Woodland, Wash. : 
Kappe & — Assoc 4845 Rugby Nelson, LeRoy, Opr., Sewage Trt. Olsen, E. C., Co., Att.: E. Carl 
Ave., Washington 14, D. C. (Pa.) Pit., 508 Burr, Topeka, Kans. Olsen, Ind. Chem. & Supplies, 
E Montanaro, William J., Mir., Nelson, M. R., Asst. Maint. Engr., Box 829, Ogden, Utah ’ : 
Dorr-Oliver Inc., 77 Havemeyer Multnomah Co. Rd. Dept., 2115 | Olsen, E. Carl, see Olsen, E. C., 
2 La., Stamford, Conn S. E. Morrison, Portland, Ore. Co. 
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Olsen, Ludvig, Opr., Sewage Trt 


Pit., Salt Lake City Suburb. San 
1, 650 W 33rd § Salt 
Lake City, Utah 

Olson, John L., Chief 
Angeles Co. Sheriff's Dept., Rt. 3 


Box 1000, Saugus, Calif 

Orth, Leon J., Supt., Sewage Disp 
Pit., 508 S. 5th St., Milbank, S 
Dak. 

Osborne, T. Z., Asst. Di I 
Works, Rm. 3¢ Mur Bldg 
Greensboro, N. C 

Ostrem, William A., see Minne 
apolis, City of 

Ostry, Frank N., 105 Asht 


Ave., Beverly, N. J 


Ott, Charles R., Poll. Contr 
Engr., Pollution Control Comn 
Rt. 3, Box 419, Olympia, Was! 

Owens, Keuben H., Dir., Dept 
Pub. Works, Rm. 2610, City Ha 


San Francisco, Calif. 


Pacific Pumping Co., Att.: Floyd 
A. Chapman, 


ales 


W. Broadway, Portlz Ore 
Pahl, Charles J., Asst. Op Mi 
neapolis-St. Paul San. Dist 8 
Lafond Ave., St. Paul, Min 
Palau-KRodriguez, Alejandro, 
Chem Engr., P R. Water & 
Sewer Auth., Box 706¢ B 


Obrero Sta., Santurce, Puerto Ri 


Palm, Sixten, Civ. Engr Land 
bygdens byggnadsforenin I 
vagen 10-12, Froson, Swede 

Pandullo, Francis, Cor Eng 
Fred W. Gardner & A 145 
Main Ave., Clifton, N. J 

Park, George M., Eng Ganne 
Fleming Corddry & ¢ t Ir 


Pa 
Parker, C. D., Chief Chen B 


Box 366, Harrisburg 


Melbourne & Metro. Bd. of W rks 


47 Outlook Dr., Eaglemont, Vi 
toria, Australia (Calif.) 

Parker, H. C., Supt., Sewage Trt 
Div., Pub. Serv. Dept., City Ha 
Riverside, Calif 

Parks, Harry L., Chieti O; Sew 
age Trt. Pit., City of Boca Rat 
Box 134, Boca Raton, } 

Parramore, Reid 


Brothers Co., 17 S. Ogle Ave 
Lancaster Village, Wilmingt 5 


Del 

Parsons, Robert Chiet Che 
Alcoa, Warrick Work B 
Newburgh, Ind 

Paskett, Scott L., Tec! Rey 
Worthington Corp., 1815 $ I 
7th Ave., Portland 14, Ore 


Patterson, J. R., 
Marion, Ohio 


Patton, James P., Jr., ( e Mi 


Lab., 1112 Maple St., Gre 

Patton, Manford, Op: Sewage 
Trt. Pit., City Water Works, Lei 


sic, Ohio 

Paulson, Wayne L., Inst 
of Iowa, Civ. Engr. Bldg I 
City, Iowa (Cen. St 


Pearson, Robert F., Chief Op 
Stege San. Dist., El Cerrit 
Annapolis Ave., Richmond, ¢ 

Pedo, Donald J., City Mer.. ¢ 


River 
Perdew, Charles, Opr., Sewage P 
519 9th St., New Brighton 
Peter G., Civ 
14th St., Traverse (¢ 


of Iron River, Iron 


Perla, 


W. 
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Perron, Charles H., San. Engr., 
Dravo Corp 58 Dartf Rd., 

Peterson, Don H., Supt., Sewage 
I'rt. Pl City of Milwaukie, 13915 
Se Laurie, Milwaukie, Ore 

Peterson, Norman L., Dir., Div 

i ate pply & Poll. Control 

State Health Dept., 607 Crescent 
La., Bismarck, N. Dak 

Petrone, Bernard J., Sales, Wal 

ace Tiernan Inc RFD 1, 
Londonde N. H. GX. ¥.) 

Pettit, Walter E., Water Supt., 
Watonga, Okla 

Pharo, Merritt W., Supt Pub 
Work Bort Hall, Haddonfield, 
N. J 

Philleo, Edgar S8., Phil Engr 

rbanks, 


& Arch, Serv., Box 464, Fa 
Alaska 
Phillips, James D., 18 S. Nevada 


Phillips, Robert A., Acting 
San. Che 151 Engr. Lab 
Washingt State Univ Pu 
Wa 

Pickett, Arthur G., Div. Engr., 
Lo ngeles ( Engr., 1260 Gar 
field Ave San Marine Calif 

Pierson, Thomas W., Supt., Wa 
ter & Sewer Dept., 609 29th St 
Vienna, W. Va 


Pilcher, R. E., Dothan, Ala 


Pipes, Wesley O., Jr., A I 
Dept Civ ngr Northweste 
Univ., Evanston, I 

Pitkin, William V., see Ulrich 
Cher ( In 

Poe, Fred W., Grad. Stud., Univ 
f Washingtor R St., S. I 
Au Wash 

Polanshek, William, Dist. Engr., 
Cla Pipe Inst 1035 Cynthia 


Ave., Pasadena, Calif 


Pomona Products Co., Att.: Ray 
M ( 


i n ) its Control Dept 

Box Griffin, Ga 
Pope, Eugene J., Cons Engr 
N tth St Wahpeton, N 

Dak 

Popel, Prof., i Chai 
Land & Cit Waterworks Dept 
Stuttgart | echnic Acad., Hube 


St 6, Stuttgart, Germany 


Popoff, Viadimir 
Bd. Wate ) 


Margaretville, N. ¥ 
Popp, Ludwig, Prof Dr. med 
Ste iedendamm 15, Braunschweig 
Ge 
Partne 


Porter, William 
Pigott Porte Eng 121 ( 
Memphi , Tent 


bian Towe 
M 
Potos, Chris, Grad. Stud., Chen 
l City Ha Buffal N. ¥ 


St 


Powell, Cecil E., Supt 
r 5 Mar 


Sewe ple D Sylvania 
Powell, John G., Electrician, Opr 
3 tth Ave N., Birmingham 
\ 
Prendergast, Noel R., Asst. Town 
Eng 485 Randolph Cresc., Bur 
g Ont., Canada 
Prendergast, Walter s., See 
Evanite Plastic Ce 
Pressley, Robert C., 2664 Wilson 


Harrisburg, Pa 


William B., Asst. Civ 
( 147-64 Village 


Pkwy 


Pressman, 
Er 


Rd., 


Mareh 1961 


Priestman, John, Mer., Water & 
Div., Willis & Cunliffe 
Lid., Con Engr $36 
ighton St Victoria Bb. ¢ 
Canada 
Priore, Don Del, Salesman 
Fort Wayne Bank sldg., Fort 
Wayne Ind 
Pruitt, R. L., 504 Eunice St 


Albertville, Ala 


Puisto, Roy U., 
332 W. Oak St., 
Puntenney, John L., 


, Sewage Pit., 
Mich 


O56 


Opt 
Ironwood, 


Chem 


Georgesvillk Rd., Columbus 4, 
Ohic 

Purdie, James, Editor, Civic Ad 
ministratior Magazine 481 Uni 
versity Ave Toronto, Ont., Canada 

Putnam, Philip H., ee Fluid 
Contr ( In 

Quiett, Lewis R., see Lewistown 
Village 

Quiggin, Frank 8., Mer South 
east Dist Cooper-Bessemer Corp 
440 Investment 1511 K St 
N. W., Washing DD. ¢ Va.) 

Radhakrishna, G., San Engr 

ept. of Sar ngr., Purdue Univ 

14 Pierce West Lafayette 
Ind 

Rambow, Carl A., Re Engr 
Ca Res. Cory La Habra, 1 
We R W hittie Calif 

Ramos, Gilberto, Sale Engr 


Abarca Warehouse Corp., Box 235 
San Juan, Puerto Rice 
Ransom, Willard A., Supt Rt 
Box 1 4, Ch 


hesaning, Mich 
Kao, T. Shivaji, Re Asst Dept 
of Civ. Eng Rice Univ., Houst 
1, Tex 
Rausing, Gad, Moyg Di AB 
Pura Rabyholms Alle 2, Lund 
Sweder 
mond, Edward L., Div. Me 
zy Merritt & Co., In x 74 


Sarasota, Fla 

Reany, Marvin L., Supt Sewage 
Irt. Pit 505 Locost S Fairbur 

Reckert, Robert D., Cor Eng 
DeW Grant, Reckert & Steve 
Rock Rapids, 

Reed, Albert J., Re Di Nationa 
Clay Pipe Mfr. Inc., Crystal La 
11] 

Reed, M. L. ngr Canne 
ton Sewer 15 Daw 
Dr., Louisv 

Reed, Verne, City Engr Living 
ton, Mont 

Reich, J S., Chie Industria 


Wastes Div., City of Phila., 111 

City H Annex, Philadelphia 
Pa 

Reid, Charles Robert, Opr Sew 
ge I Pit 1118 onroe St 
Topeka, Kar 

Reid, James H., Owner, James H 
Reid & Assoc 324. Main St 

imond Wash 


Ed 
Republic Steel Corp., 1175 5. 
Park Ave., lo 2 
Research Li Packaging 
Corp. of An E. Fulton 
St., Grand R ch 
Reynolds Metals Co., Att John 
Kiefer, Box 5 Arkadelphia, Ark 
Reynolds, Seab, Partner, Koehler 


& Reynolds, Box 1 Jackson, 
Mi 
Rice, Larry, Opr., 404 Hull St., 


Mich 


Traverse City, 


== 
« 
i 
: 
wit 
- 
G., Pit Supt 
\ & 
h. J ica N. ¥ 
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Kichards, C. W., Mer., Interna 
tional Paper Co., York Haven, 
Pa 

Richardson, Donald W., Engr 
Supvr., Martinsville, Va 

Kichardson, Edward H., Asso- 
ciates, Ine., Att Db. L. Willis, 
70 E. Cleveland Ave., Newark, Del 

Richardson, Jerome, Jr., Cons 
Engr., J. Richardson & Assoc., Inc., 
RR 2, Loogootee, Ind 

Riddle, W. G., 1009 Baltimore 
Kansas City 5, Mo 

Rieck, Theodore J., Sales Engr., 
Pacific Flush Tank Ce 4241 N 
Ravenswood Ave., Chicago 13, Ill 

KRiggle, Robert H., Supt., Sewage 
rt. Pit., 805 S. Sherwood Ave., 
Clarksville, Ind 

Rigigiliane, Anthony K., Sr. Pub 


ealth ner State Dept of 
Health, 4 Quaker Bridge Rd., 
Trenton 9, N. J 
Riley, Donald, Bldg. Opr., Min 
neapolis-St. Paul San. Dist 71 
I Geranium Ave St. Paul 17 
Minn 
Riley, Harry A., Jr., Asst. Sales 
Mar Southwestern Plastic Pipe 
Cr Box 117, Mineral Wells, Tex 
Rinaldi, William 8., Opr., Gen 
eral til obyhanna Signal De 
pot, 203 Oak St., Dunmore Pa 


Roach, Joseph C., see Corrosion 
ontrol Ir 


Roark, C. C., Foremar Neches 


Butane Product Co., 6238 Mon 
roe St Grove Tex 

Robbins, John A., Supt., Water & 
Sewage Work Box 87, Martins 
ville, Ind 

Roberts, Eugene E., San. Engr., 

orain Co 3 2nd St Elyria, 


Robinson Clay Product Co., 
Att ! Robinson, Jr., Sales 


Mer Box 107 Akron 9, Ohio 
( Assoc 

Robinson, G. A., Pre National 
Clay Pipe Mfr. Assn., 18 N St 
NW Washington, D. (¢ (Cer 
St.) 


Robinson, Larry Philip, Asst 
las Ce 


San ngr ine ealth 
Dept Box 3242, St. Petersburg 
Fla 
Kobinson, Morris E., Supt., Sew 
age Trt. Plt 4¢ Lombardi Dr 


LeMars, Iowa 


Robinson, Patricia Chen 


itv of Coral Gables, 5287 South 
ern Blvd., West Palm Beach, Fla 
Robinson, 8. L., Jr., Assoc. Prof 


Civ. Engr., The Citadel, Charles 
ton, S. ¢ 
Rodhe, Vilhelm, 
Uppsala I 
tionen, Uppsala, Sweden 
Rogers, C. A., City Hall, Wister, 
Okla 


Univ. of 
institu 


nolo; 


Rogers, John, Dist. Mgr., Amer 
coat Corp., Box 9016, Houston 11, 
Tex 

Roll, Lionel G., Mgr., Operations, 
Ind. Toll Rd. Comm., 52551 Ash 
Rd., Granger, Ind 

Rollag, Dwayne A., Civ. Engr., 
Wm. P. Mohr & Ass 411 E 
Bishop St., Luverne, Minn 


Romson, Bjorn, Civ. Engr, All- 
manna Ingenjorsbyran Cons. Engr., 
Allmanna Ingenjorsbyran, Blasie 
holmstorg 11, Stockholm 
Sweden 


SUPPLEMENTARY MEMBERSHIP 


Rostenbach, Royal E. 
Bendix Aviation, 2 
Ridge Davenport, 

Koth, Bernard B., Engr., 17 Den 
nis Dr., Summit, Irwin, Pa. 

Koth, Michael J., Opr., Sewage 
Pit., City of Ironwood, 249 W. 
Oak St., Ironwood, Mich 

Kotondo, Vincent, Supt., Sewers, 
Westport Sewage Plant, Westport, 
Conn 

Kowntree, A. K., City Engr., City 
Hall, London, Ont., Canada 

Roy, Donald R., Chem., Columbia 
Southern Chemical Co., New Mar- 
tinsville, W. Va. 

Kuby, Kenneth, Supt., Water- 
works, 86 Ave. N., Fargo, N. Dak 

Ruesch, Leroy J., Sales Engr., 
Chain Belt Co., 2701 W. Peterson 
Ave., Chicago 45, Ill 

Kuppert, Joseph, see Lockport, 
City of 

Kuss, Kobert Bigelow, Design 
Engr., W. F. Schade & Assoc., 

23804 Smith Ave., Westlake, Ohio 

Russell, Burdette W., see Na 
poleon, City of 

Russell, Donald W., Admin. Dir., 
Monroe Co. Sew. Agency, 65 Broad 
St., Rochester 14, N. Y 

Kydland, L. N., 219 Paw Paw St., 
Paw Paw, Mich 


Sabatini, Frank A., 321 Eliza- 
beth Ave., Ramsey, N. J. 

Sacra, William E., Jr., Supt., 
Sewage Trt., 2945 Heather Pl 
Harrisburg, Pa 

Sadler, Warren W., Res. Engr., 
Greeley & Hansen, Engr., 219 
Governor St., Richmond, Va 

Sako, F. Frank, Food Machinery 
& Chem. Corp., Central Engr., 
1105 Coleman Ave., San Jose, 
Calif 

Saldana-Davila, Fernando, Civ. 
Engr., P. R. Water & Sewer Auth., 
Box 7066, Bo. Obrero Sta., San- 
turce, Puerto Rico 

Salpeter, Richard D., Sales Engr, 
Fluid Controls Co., Inc., 646 An- 
derson Ave., Cliffside Park, N. J 

Sampayo, Felix F., College Instr., 
Rm Michael Golden Lab., 
Purdue Univ., 124 Pierce, Apt. 4 
West Lafayette, Ind 

Sampson, E. G., Cons. Chem., 41 
W. Main St., Falconer, N 

Sanders, C. A., Salesman, Johns 
Manville Co., Rt. 1, Crosby, Tex 

Sandlin, MeDewain, Chief Chem., 
Rome Kraft Co., Rome, Ga 

Santiorenzo, Franciseo, Design 
Engr., P. R. Water & Sewer Auth., 
Box 7066, Bo. Oberero Sta., San- 
turce, Puerto Rico 

Sargeant, Charles, Head, Dept. 
of Civ. Engr., Univ. of Alaska, 
College, Alaska 

Sauriol, FP. A., Desjardins & 
Sauriol, Cons. Engr., 15A_ Blvd. 
Des Laurentides, Pont Viau, Mont- 
real 12, Que., Canada 

Savage, Haskell, Opr., Trt. Plt., 
Linwood Dr., Gainesville, Ga. 

Savage, Seth A., Jr., E. I. du 
Pont de Nemours & Co., Box 
1217, Parkersburg, W. Va. 

Saxon, D. B., Bushnell Machinery 
Co., 3015 W. Liberty Ave., Box 
7983, Pittsburgh 16, Pa. 


Schaible, Harold, Supt., Sewerage 
Trt. Pit., 48 N. Park, Lombard, 
Hil. 
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Schiff, Alfred J., Sales Engr., En- 
gineering Sales Corp., Box 59, 
Newton Lower Falls 62, Mass 

Schirtzinger, M. M., Tech. Serv. 
Engr., Mead Corp., Chillicothe 
Div., Chillicothe, Ohio 

Schmerber, Louis J., Supt., San., 
Gila Co. Health Unit, Globe, Ariz. 

Schmitz, D. V., Partner, Benson & 
Schmitz, 260 Boyce Greeley Bldg., 
Sioux Falls, S. Dak 

Schneider, Kaymond W., Opr., 
178 Hazardville Rd., Longmeadow 
6, Mass. 

Schoening, Pete, Pit Engr., 
American-Marietta Co., 3400 13th 
Ave., S. W., Seattle, Wash. 

Scholten, Gerrit, Opr., Sewage 
Pit., 606 S. 2nd Ave., E., Rock 
Rapids, lowa 

Schomaker, William P., Dist. 
Sales Mgr., Piaudler Permutit Inc., 
704 Gilmore St., Jacksonville, Fla. 

Schondelmeyer, John F., 1835 
W. Third, Sedalia, Mo 

Schrecongost, Roland W., San. 
Engr., Pa. Dept. of Health, 996 
S. Main St., Meadville, Pa. 

Schultz, E. H., Sales Engr., 
Schultz-Forster Assoc., Box 2746, 
Buffalo 26, N 

Schwartzel, Derrick Kenneth, 
Dir. of San., 6384 Wellington St 
London, Ont., Canada 

Seovill, Roger P., Oscar Mayer 
Co., 5509 Pheasant Hill Rd., Madi- 
son 4, Wis 

Sears, Harold H., Sears & Scho- 
field Contracting Co., 400 High- 


land St., Weston 93, Mass. 


Seay, Kexford <A., Box 1592, 
Birmingham, Ala. 


Sebeste, Flavius J., Mer., Tech. 
Sales, Bruner Corp., 8530 N. Field- 
ing Rd., Milwaukee 17, Wis 

Seebald, Eugene F., Dist. San 
Engr., NYSDH 116 Edgewood 
Ave., Buffalo 20, N. Y. 

Seegert, Neal, Sales Mgr., Zim- 
mermann Process Div., Sterling 
Drug Inc., Salvo Chemical Corp 
Rothschild, Wis 

Seiffer, Eric, San. Engr., NYC, 
1955 Sedgewick Ave., Bronx 53, 
A 

Seiler, Albert, Assoc., Burgess & 
Niple, 2015 W. Fifth Ave., Co- 
lumbus 12, Ohio 


Seitz, Robert L., Owner, Seitz 
Equipment Co., Box 272, Orchard 
Park, N. Y. 

Selb, Joseph W., Opr., Pub. Serv. 
Corp., 118 Broadway, Laurel 
Springs, N. J. 

Self, Richard, Mead Corp., Kings- 
port, Tenn. 

Selke, Donald, Chief Opr., Suburb. 
Util. Co., Hoffman Estates, Ro- 
selle, Ill. 

Senek, Walter T., Asst. to the 
Supt., Phila. Gas Works, Div. of 
United Gas Improvement Co., 31st 
Passyunk Ave., Philadelphia 45, 
a. 

Serlin, Larry, Sales Rep., National 
Chemistry Res. Corp., 7710 Lewis 
Rd., Indianapolis 26, Ind. 

Settle, Lester E., Megr., Sewage 
I'rt. Pit., 412 H Ave., Nevada, 
lowa 

- Sewage Treatment Section, Max- 

well A. Wortz, Rep., City Hall, 

Springfield, Mo. 
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Sewage Trt. 
sources 


Ont., Canad 


Odessa, Tex 


Ont., Canad 
Sharman, Leslie, Supt., Branti 
Pit., Ont. Water 
911, 


a 


Comm., 
ford, Ont., Canada 


Box 


Sha, Richard L., Engr., Caswe 
Engr. Co., 116 Central Ave 
Osseo, Minn. 

Sha on, Edwin S8., San. Engr 
Saginaw Bay Div., Dow Chemical 
Co., Bay City, Mich 

Shannon, F. W. David, I: 
Engr., 34 Fairfield Ave., Taront 


Brant 


Sharp, C. W., Canadian-Mariett 
(Ont.) Ltd., Box 160 Station H, 
Toronto 13, Ont., Canada 

Sharpe, W. D., City Engr Ci 
Hall, Duckworth St., St. Joh 
Newt., Canada 

Shartran, 8S. J., Sales Rep., Zi 
mer & Francescon, 11 I \ 
mour, Kansas City, Mo. (Kan 

Shaw, Walter F., Supt Sewe 
Systems, Water & Sewer Dept 
City of Phoenix, 815 E. Jefferson 
Phoenix, Ariz. 

Shea, Charles J., Mir., 570 Hi 
side Ave., Needham Height + 
Mass 

Shea, Richard, San. Engr., Hyd 
Lab., Civ. Engr. Bldg 31 N 
Salisbury St., West Lafayette, Ind 

Shea, Thomas E., Esso Resea 
& Engineering Co., Box 172, Lir 
den, N. J. 

Shearer, S. D., Jr., Sr. Asst. Sar 
Engr., USPHS, Hydr. & San. Lab 
Univ. of Wisconsin, Madison, Wi 
(CN. C.) 

Shearon, Marion J., Supt., Sewase 
Trt. Pit., City of Apopka, Box 
Apopka, Fla 

Sheffield, Ben, Dir., Util. De; 
City of Union, Box 357, Uni 

Shettield, Charles W., San. Engr 
Orange Co. Health Dept., 832 W 
Central, Orlando, Fla 

Shelenbarger, Arthur L., Sewer 
Mgr., 410 Susan Rd., Har g 
Pa. 

Shelton, Walter William, | 
Opr., 253 Victoria St., Ingers 


Sherich, Richard, 205 \W. | St 
Ogallala, Nebr. 

Sherva, Chester ©0., Opr., Sewag 
Pit., Box 1011, Fargo, N. Dak 
Shideler, Donald G., Supt., 

age Trt. Pit., Huntington, | 

Shi Donald K., City S 
Joseph, St. Joseph, Mich 

Shores, K. D. T., Con Eng 
Box 2027, Auckland, New Ze 

Shultz, Tom, Husky Oil ( Cod 
Wyo. (Mont.) 

Siegel, William, Sout! 
ern Gulf Utilities, Inc 7 Bi 
cayne Blvd., Miami, Fla 

Simmonite, Robert John, Eng 
Draftsman, General Developmer 
Corp., 2751 S. W. 27th St., Mia 
33, Fla. 

Simms, G. B., see Temple | d 
Inc. 

Simons, Edward, Opr., Sewage 
Trt. Plt., Belegrave Sewer Dist 
43-02 250th St., Little Neck ¢ 
N. 

Simpson, Rolland W., San. Lngr., 
Gilbert Assoc., Inc 525 ar 
caster Ave., Reading, Pa 

Sims, John J., Chem., Continer 
tal Products of Texas, Box 
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St., Wheaton, Ill 


Spinelli, Samuel M., see Aireactor 


ot Rocheste 
Spira, Edward L., Design Engr 
W. F. Schade & Asso 1252 
Edmont Ave., Cleveland 8, Ohi 
Spohr, Guenter, Supt., Sewage Trt 


e Rd., York, Pa 


Stafford, Robert E., USOM, 
USOM/Ethiopia, APO 31 New 
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Att Herbert W. Davids, Engr., Thomas, William, Chem., Dept kins & Assoc., 1018 8th Ave., 
Suffolk Co. Center, Riverhead, N 0521, Allison Div., GMC, 2307 Greeley, Colo. 
N. Lynnhurst, Speedway, Ind. 
y Sugiki, Akinori, 505 W ith St, Thompson, E. E., Jr., Sales Engr, Yan Kuran, Peter, Div. Sales 
Baltimore 11, Md Dravo Corp., 48 Court Ave., Elli- Mer & 
> Sullivan, Fred ©., Sales Engr., cott City, Md. Gate Calif 
Infilco Inc., 3755 N. 41st St Thompson, H. 8., Opr., Charlotte 
Milwaukee 16, Wis Sewage Pit., Rt. 1, Pineville, N. C. = G., Tun- 
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: Tchbutt. T. ¥.. Autunde | Wahlin, B., Pres, Karlholms Pulp 
Shaw & Morton Psumpes, Robert Designer, Mill, Karlholms AB, Karlholms- 
Croat. Went. Reynolds, Smith and Hill, Box | bruk, Sweden 
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Templeton, Robert W., Field I 18 Park La., ©. 
San. Engr., Chicago Pump Co., Thomaston, Ga. | Waller, Roger, Geologist, U. S. ; 
: 408 Daytona Ave., Holly Hill, Fla Turner, N. P., Cons. Engr., Freese, Geological Survey, Box 259, An- e 
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WATER POLLUTION CONTROL 
FEDERATION 


CONSTITUTION AND BYLAWS 


‘ Adopted January 15, 1941. As amended to December 24, 1959. 


CONSTITUTION 


ARTICLE I. Name 


The name of this organization shall be the Water Pollution Control Federation, 
hereinafter designated as the Federation. 


ARTICLE II. Objectives 
The objectives of this Federation shall be: The advancement of fundamental and 


practical knowledge concerning the nature, collection, treatment and disposal of sewage 
and industrial wastes; 


the design, construction, operation and management of sewer 
systems and treatment works; the study, promotion and encouragement of improved 
sanitation of waterways; 


the correlation and strengthening of regional and state sewage 


and industrial wastes associations or conferences within or without the United States of 
America; the publication of a journal; and other relevant activities. 


ARTICLE III. Membership 


The membership of the Federation shall consist of regional or state associations or 
conferences, either within or without the territory of the United States of America, 
hereinafter designated as Member Associations, whose objectives and constitutions are in 
harmony with the purposes of this Federation, and of individuals or corporations as 
specified in the Bylaws, subject to the conditions and limitations prescribed in the Con- 
stitution and Bylaws of the Federation. 


ARTICLE IV. Organization 


Section 1. 


The affairs of the Federation shall be conducted by a Board of Control 
(hereinafter designated as the Board) under such rules as the Board may determine, 
subject to the specifie conditions of this Constitution and Bylaws. 


Section 2. The officers of the Federation shall be a President, a Vice-President, a 
Secretary, and a Treasurer. 


Secrion 3. The Board shall consist of: 


(a) The President of the Federation. 

(b) The Vice-President of the Federation. 

(c) The Treasurer of the Federation. 

(d) One Director to be appointed by and to represent each Member Association. 
One additional Director to be named by each Member Association which 
has maintained a total Active plus Corporate membership of 500 or more 
for the three preceding successive years ending on September 30. 

(e) Six Directors-at-Large, of whom three are to be elected by the Board of 
Governors of the Water and Sewage Works Manufacturers Association, 

and three by the Directors representing the Member Associations. 

The latest living Past President of the Federation. 
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Section 4. The terms of office of the President, Vice-President, and Treasurer 
shall be one year, and the Directors three years, which terms shall start at the beginning 
of the last session of the Annual Meeting of the Board at which the y are elected and 
continue until a successor qualifies. The Secretary shall be appointed by the Board 
for the term of office stated in the Bylaws. In the case of a vacancy in the office of 
President, the Vice-President shall act in his place for the unexpired term. In case the 
Vice-President cannot act, the latest living Past President shall do so. In the ease of a 
vacancy in the office of Treasurer or of any Director-at-Large representing Member 
Associations, the Executive Committee shall appoint an Active Member to fill such office 
for the unexpired term. Any vacaney occurring among the Directors-at-Large elected 
by the Manufacturers Association shall be filled by the Board of Governors of that 
Association. 


Section 5. The President shall be ineligible for re-election. The Vice-President 
and Directors shall not be eligible for reappointment or for re-election to the same 
office until at least one full term shall have elapsed after the end of their respective 
terms. 


Section 6. The President of the Federation shall be the Presiding Officer of the 
Board. 


SECTION 7. A quorum ol the Board shall consist of a majority ot its ex-othe1o 


members, Directors at Large, and those Directors repre senting Member Associations 


within the territory of the United States of America and of Canada. Any member ot 
the Board, except the President, Vice-President, or Treasurer may designate a proxy to 
act for him if he is unable to attend a meeting in person. Such proxies shall b 
designated in writing by the absentee Board member from the same Member Association, 
or organization he represents, All such proxies shall be counted in determining a 
quorum. Only in the event of lack of a quorum at an Annual Meeting shall the chair 
be authorized to appoint proxies and then only from the absentee Member Association or 
organization, if such representation is available. In no ease shall any individual east 
more than one vote. 


ARTICLE V. Nomination and Election of Officers and Directors 


Section 1. The Annual Meeting of the Board shall be held during the Annual 
Convention of the Federation on such day or days as may be decided by the Board. 
In event there is no Annual Convention of the Federation the Annual Meeting of the 
Board shall be in the office of the Federation on the third Saturday in October. Other 

ay be held as provided in the Bylaws. 

At the Annual Meeting the Directors representing the Member Associations shall 
meet under the chairmanship of the President of the Federation, and shall by a majority 
vote of all such Directors voting, elect a President, Vice-President, Treasurer and one 
Director-at-Large. Absent Directors may vote by proxy, in accordance with proceduré 
defined in Article 1V, Section 7 of this Constitution. Any candidate so elected shall be 
an Active Member of some Member Association and shall signify willingness to serve. 
Any candidate elected as President or Vice-President shall at some time previous to 
such election have been a member of the Board of Control. 


SecTIon 2. One Director on the Board of Control to represent each Member As- 
sociation shall be elected by each Member Association. One additional Director is to be 
elected by each Member Association which has maintained a total Active plus Corporate 
membership of 500 or more, for the preceding three successive years ending on Sep- 
tember 30. Each Director so elected shall be an Active Member of the respective Mem 
ber Association and in good standing at the time of his election. 

In the case of any Director, representing a Member Association, retiring for any 
eause before his term is completed, or who fails to remain in good standing in his 
Member Association, the governing board of the Member Association shall designate 
his successor, who shall serve for the unexpired portion of his term. 
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CONSTITUTION AND BYLAWS 


ARTICLE VI. 


Except as specifically mentioned herein, this Constitution shall take effeet im- 
mediately upon its adoption by the Board of Control. 


ARTICLE VII. Amendments 


Amendments to this Constitution may be made by a two-thirds vote of the total 
membership of the Board present or represented by proxy, notice of the proposed amend- 
ment having been given to each member of the Board and to the Secretary of each 

° Member Association not less than sixty days in advance of the meeting, at which the 

said amendments are to be voted upon. 


BYLAWS 


ARTICLE I. Member Associations 


Section 1, Any regional or state association or conference, or other organization 
whose objectives and constitution are in harmony with those of the Federation, may be 
granted membership in the Federation by a majority vote of the Board; provided, that 
the constitution of the applicant association or conference has been examined and 
certified by the Board as being in accord with Article III of the Constitution of this 
Federation; and provided further, that certification shall be made by the association 
seeking admission to membership that the Constitution and Bylaws of the Federation 
are accepted by it. 


Section 2. If a group of Active and Corporate Members affiliated with the Federa- 
tion is part of an organization which has an interest in major fields other than sewage 
and industrial wastes, this group shall be established as the sewage and industrial wastes 
section of the organization and shall have its own constitution and bylaws provisions. 
The section shall be considered the official Member Association of the Federation. The 
officers and Director to the Federation of such section shall be Active Members. All 
officers of this section shall be elected by the section membership. The section or its 


executive committee shall have at least one meeting per year, 


Section 3. Member Associations may affiliate with or establish other associated 
groups as an adjunct to its over-all coverage of the sewage and industrial wastes field. 
Classification of membership for such affiliates shall be determined by the Member As- 
sociation but shall not include Associate Members or Sustaining Members which classes 
of membership are reserved to the Federation. The affiliated groups shall be repre- 
sented on the Executive Committee of the Member Association. The affiliate’s President 
or Chairman, its Secretary, and its representative to the Member Association shall be 
Active Members. 


Secrion 4. Any Member Association may withdraw from the Federation at the 
end of any fiscal year by giving three months’ notice of such intention, provided that 
the dues of such Member Association in the Federation are fully paid up to time of 
withdrawal. 


Section 5. Any Member Association may be excluded from this Federation, at the 
pleasure of the Board, for non-payment of dues, as hereinafter provided, or for any 
change in its constitution that may bring it into conflict with the Constitution or Bylaws 
of the Federation. 


Section 6. Any change in the existing constitution or bylaws of a Member As- 
sociation shall be reported in full to the Secretary of the Federation within thirty days 
after its adoption by said Member Association, 
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ARTICLE II. Classification of Members 


Section 1. Membership of the Federation shall be composed of Member Associa- 
tions, Honorary Members, Associate Members and Sustaining Members. Membership 
in the Member Associations shall consist of Active Members, Corporate Members and 
such other members as shall be determined by the Member Association and as provided 
for in Article I, Section 3 of the Bylaws. Only Active Members and Corporate Mem 
bers shall be certified to the Federation. 


Section 2. Without changing the basic concept of Federation membership, an 
Active or Corporate Member may identify himself as a member of the Federation. 


Secrion 3. An Active Member shall be a superintendent, manager, operator, or 
employee of a sewage or industrial wastes system or treatment works; a professional 


engineer; a chemist, bacteriologist, biologist, or any qualified person professionally en 
gaged or interested in the advancement of knowledge relating to the disposal or treat 


ment of sewage and industrial wastes or improved sanitation of waterways. 


Section 4. A Corporate Member shall be a Sewerage Board, Department or Com 
mission; Sanitary District; Department of Publie Works handling sewerage; Industrial 
Corporation; National, State, District or Municipal Board or Department of Health; or 
other body, corporation or organization engaged or interested in at least one of the 
stated objectives of the Federation, and shall be entitled to one representative whose 
name shall appear on the roll of members and who shall have all the rights and privileges 
of an Active Member. This representative may be changed at the convenience and 
pleasure of the Corporate Member on written notice to the Secretary of the Member 
Association to which the Corporate Member is accredited. 


Section 5. An Honorary Member shall be a person of acknowledged eminence in 
one or more fields of activity within the scope of the stated objectives of the Federation. 
Candidates may be nominated by any Member Association or by a special committee 
appointed by the Board but can be elected only by favorable secret ballot vote of the 
Board. Two negative votes shall exlude. No election to Honorary Membership shall 
be made which would cause the total number of Honorary Members to exceed a ratio of 
one Honorary Member to every 350 Active Members. Not more than two Honorary 
Members shall be elected in any calendar year. Honorary Members shall be elected for 
life, shall pay no dues, and shall receive, without cost, all the publications of the Federa 
tion that are distributed to its members 


Section 6. An Associate Member shall be a person, firm, or corporation engaged 
in the manufacturing or furnishing of supplies, materials, or equipment for the construe 
tion, operation or maintenance of sewage or industrial waste facilities, and shall be 
elected by affirmative vote of a majority of the Board after consideration of written ap 
plication duly made to the Secretary. 


Secrion 7. A Sustaining Member shall be an individual or a corporation interested 
in the general objectives of the Federation. 


ARTICLE III. Dues 


Secrion 1. The status and dues of the different classes of members established by 
the Member Associations, as applied to their members, shall be as determined by the 
Member Association. 


Section 2. (a) For each Active Member the annual dues shall be as determined 
by the Board, payable in advance by the Member Associations 
to the Secretary of the Federation. 

(b) For each Corporate Member the annual dues shall be as determined 
by the Board, payable to the Secretary of the Federation by 

February 1 of each year. 
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CONSTITUTION 


AND BYLAWS 


(c) For each Sustaining Member and each Associate Member the an- 
nual dues shall be as determined by the Board, payable to the 
Secretary of the Federation by February 1 of each year. 

(d) Corporate Members, Sustaining Members, or Associate Members 
whose dues remain unpaid on March 1 of any year may be 
dropped from membership on action of the Executive Committee. 

(e) The dues for Member Associations outside the United States of 
America and its territorial possessions shall be greater than the 
amounts hereinbefore specified by an amount to be fixed annually 
by the Board as equivalent to the added cost for mailing the 
Journal to such associations as compared with the average cost 
for mailing to members residing within these limits. 

{) Active Members, paying full dues, and Corporate Members of 
Member Associations, and Associate and Sustaining Members of 
the Federation, in good standing, shall be entitled to one copy 
each of all publications that are distributed by the Federation to 

its members. 


SeovTion 3. The fiscal vear of the Federation shall begin on January 1, and annual 


dues shall be collectible on that date and shall have been paid before February 1. If 
the dues of any Member Association shall not have been paid by February 1, fifteen 
days notice of the dues in arrears shall be given to that association, after which time, if 
the dues remain unpaid, that association may be dropped from the rolls of the Federation 
on action by the Board, as provided in Article I, Section 3, of these Bylaws. 


Section 4. Any member, newly elected before June 30, shall pay full dues and 
shall be entitled to all the publications of the Federation that are distributed to its 
members during the year. Members elected after June 30 shall pay one-half the 
regular dues for that year, and shall be entitled to all of the publications distributed 
during the half year beginning July 1. 


Secrion 5. In transmitting dues to the Federation, each Member Association shall 
forward with them a list of the names, professional titles and correct mailing addresses 
of all members of all classes of the said Association who are in good standing and are 
entitled to receive the Journal or other distributed publications of the Federation during 
the ensuing year. 


ARTICLE IV. Duties of Officers and Directors 


Section 1. The President shall have general supervision of the affairs of the 
Federation, and shall preside at all conventions of the Federation and meetings of the 
Board. In his absence the Vice-President shall preside. Should both be absent the 
Board shall elect the Presiding Officer. The President shall be, ex-officio, a member of 
all committees. 


Section 2. The Vice-President shall assist the President in the performance of his 
duties, and act in his stead when required. 


Section 3. The Board of Control shall be the legal representative of the Federa- 
tion, and as such shall manage its affairs subject to the conditions and limitations pre- 
scribed in the Constitution and Bylaws; direct the investment and care of funds of the 
Federation; make appropriations for specific purposes; appoint employees and fix their 
compensation; take measures to advance the interests of the Federation; and generally 
direct its business. The Board shall not incur indebtedness beyond the funds in the 
hands of the Treasurer and the Secretary. The Board shall hold a meeting during the 
Annual Convention. Other meetings shall be held at the call of the President, or on 
petition addressed to the Secretary and signed by ten or more members of the Board 
representing not less than seven Member Associations. Notice of all meetings shall be 
issued by the Secretary at least fifteen days in advance of such meetings to all members 
of the Board and to the Secretary of each Member Association. In the event of a 
vacancy in the office of Secretary, notices of meetings will be issued by the President. 
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At the Annual Meeting the Board shall appoint a Secretary to serve for a term of 
two years, unless removed for cause by the Board. 

Except as otherwise provided in the Constitution and Bylaws, all questions before 
the Board shall be decided by a majority vote of those present. 


Section 4. The Treasurer shall have charge of the funds of the Federation and 
custody of its investments, if any. He shall pay bills against the Federation when 
certified by himself and the Secretary. He shall make a report for each calendar year 
at the Annual Meeting of the Board, showing receipts from the Secretary and other 
sources, the expenditures, the investments and other assets, and the liabilities of the 
Federation. He shall make such other reports as may be required by the Board. 

He shall be bonded at the expense of the Federation, and to an amount to be de 
termined by the Board. 

He shall perform such other duties as may be assigned to him by the Board. 


Section 5. The Secretary shall be an Active Member and, under the direction ot 
the President and the Board of Control, shall be the executive officer of the Federation. 
It shall be his duty to attend all conventions and meetings of the Board, prepare the 
business and duly record the proceedings thereof. He shall see that all monies due the 
Federation are carefully collected and without loss transferred to the custody of the 
Treasurer. He shall scrutinize all expenditures, shall certify to the accuracy of all bills 
and vouchers on which money is to be paid, and shall countersign checks drawn by the 
Treasurer against the funds of the Federation when such drafts are known by him to 
be proper and duly authorized by the Board. Once every three months he shall forward 
to each member of the Board a financial summary of receipts and disbursements, and 
at the Annual Meeting of the Board shall present a balance sheet of his books as of the 
3lst of December and as of the 30th of September preceding the meeting 
a report of the activities of his office. 

He shall have charge of the books and records of the Federation, including lists of 
members of the Federation and subscribers to the Journal. Te shall have charee of the 
mechanical production and distribution of the Journal and other publications of the 


together with 


Federation, and shall handle all financial matters connected therewith. 

He shall be bonded at the expense of the Federation, and to an amount to be de 
termined by the Board. 

The books of the Federation shall be audited annually at the ¢ xpense of the Federa 
tion by publie accountants to be appointed by the Board. 


the funds of the Federation, the President or Vice-President shall be authorized to 
countersign such drafts in his stead. 


In the event that the Secretary or Treasurer shall be unable to sign cheeks against 


SECTION 6, 
tion and shall receive all manuscript copy and prepare it for publication. He shall 


The Secretary shall serve as Editor of all publications of the Federa 


have the authority to return to the author for correction, or to reject entirely, any manu 
script which may be in bad condition, illegible, or clearly deficient in respect to composi 
tion, subject matter or supporting data, or otherwise conspicuously deficient or unfit for 
publication. He also shall have the authority to reject any manuscript which is designed 
to promote commercial interests. He shall be a member of the Publications and Program 
Committee and of the Committee on Sewage and Industrial Wastes Practice. Decisions 
of the Editor relative to rejection of manuscripts shall be subject to appeal to the 
Publications and Program Committee. 


ARTICLE V. Conventions of the Federation 


The Annual Convention of the Federation shall be held at a time and place selected 
by the Board, preferably in the month of October. All conventions and meetings shall 
be conducted according to “Roberts Rules of Order.” except where provisions to the 
contrary are noted in any Article herein. 

Each member and guest present at any of the conventions of the Federation shall 
pay a registration fee of such amount as may be determined by the Executive Committee. 
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CONSTITUTION AND BYLAWS 


ARTICLE VI. Committees 


Section 1. There shall be an Executive Committee of seven members consisting of 
the President, Vice-President, immediate Past President and four Directors. This ecom- 
mittee shall be chosen by the Board at its Annual Meeting. The President of the Federa- 
tion shall be Chairman, and the Secretary of the Federation shall act as Secretary of 
the committee. In the absence of the President, the Vice-President shall preside. The 
duties of this committee shall be to direct the administrative work of the Federation and 
carry out the policies of the Board between meetings of the latter. A quorum of the 
committee shall be four members. 


Secrion 2. A Publications and Program Committee shall be appointed by the 
Board at its Annual Meeting. It shall consist of the Secretary and four or more Active 
Members of which at least three shall be Members-at-Large. The Publications and 
Program Committee shall arrange the technical programs for the Annual Convention 
of the Federation. The committee shall prepare general rules which, after approval by 
the Board, shall control the preparation, presentation, acceptance and publication of 
papers and shall have general supervision of such other matters of similar nature as the 
best interests of the Federation may require. 


SecTION 3. An Organization Committee of five Active Members of which at least 
three shall be Members-at-Large shall be appointed by the Board at the Annual Meeting. 
The Organization Committee shall examine and report to the Board on application for 
membership in the Federation and also serve in the encouragement of the formation of 
new regional or state associations or conferences eligible for membership, as well as 
serving in an advisory capacity in other matters of a similar nature as the best interest 
of the Federation may require. 


Section 4. A Sewage and Industrial Wastes Practice Committee consisting of the 
Editor and four or more Active Members of which at least three shall be Members-at- 
Large shall be appointed by the Board at the Annual Meeting. 

Any publication which undertakes to establish in the name of the Federation, pro- 
fessional or technical standards shall be submitted by this committee to the Board for 
approval. 

It shall give notice by publication to the membership of all such approved standards 
and publications. 


It shall appoint such subcommittees as it may deem necessary to carry on its work. 


SecTion 5. There shall be a Research Committee of five or more Active Members 
of which at least four shall be Members-at Large. 

The Research Committee shall be charged with the duty of stimulating and eo- 
ordinating research work among the various Member Associations. and of cooperating 
with other organizations in the promotion of research work. 


Section 6. There shall be a Finance Committee of five members consisting of the 
President, the latest living Past President, the Treasurer, and two Members-at-Large, 
one of whom shall be appointed Chairman and the other Vice-Chairman. The com- 
mittee shall present at the Annual Meeting of the Board a budget of estimated expenses 
of the Federation, including publications, for the ensuing year. On the adoption of the 


budget by a majority vote of the Board members present, expenses of the Federation 
shall be limited, as far as may be practicable, within the amounts prescribed in said 
budget. 

The committee shall also function in a general advisory capacity to the Board and 
to the Executive Committee in all matters relating to finances of the Federation. 


Section 7. There shall be a Committee on Standard Methods of Sewage and In- 
dustrial Wastes Analysis of five or more Active Members of which at least four shall be 
Members-at-Large. 

The committee shall be charged with the duty of developing, perfecting and modify- 
ing standard methods for the analysis of sewage and industrial wastes and of sludges or 
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by-products therefrom, and of cooperating with other organizations interested and en 
gaged in similar work. 


Section 8. There shall be a Committee on Industrial Wastes consisting of five or 
more Active Members of which at least four shall be Members-at-Large. 

The committee shall be charged with the duty of stimulating interest in, and of being 
of service to industry in the varied problems encountered in the industrial wastes field, 
including cooperation between Member Associations, and other organizations and 


agencies. 


Secrion 9. Each of the Committees listed in the preceding Sections shall at the 
time of appointment, include a Vice-Chairman, 


Section 10. All of the Chairmen and members of the Committees named in See- 
tions 2, 3, 4, 5, 6, 7 and 8, of this Article shall be appointed annually by nomination ot 
the President and confirmation by the Board of Control. The Chairmen shall sit in 
meetings of the Board of Control with full privilege of discussion. None of these 
Chairmen shall serve more than five years in succession. 


Section 11. There shall be a General Policy Committee consisting of the Presi 
dent, the three preceding living Past Presidents; and one member representing the Water 
and Sewage Works Manufacturers Association. The member of the Committee repre 
senting the Water and Sewage Works Manufacturers Association shall be nominated by 
that Association’s Board of Governors subject to acceptance by the Board of Control. 
The Chairman of the General Policy Committee shall be the immediate Past President 
of the Federation, who is, ex-officio, a member of the Board. 

The General Policy Committee shall consider subjects referred to it by the Board, 
by the Executive Committee of the Board, or by the President; which subjects have to 
do with general or long-term policies of the Federation. 

The recommendations or statements of policy formulated by the General Policy 
Committee upon any question referred to it, shall be reported to the Board for considera 
tion and further action. 


Section 12. There shall be a Committee on Nominations consisting of the five 
latest living Past Presidents, the senior member of which, in point of service, shall serve 
as Chairman. 


SecTion 13. The Board shall appoint such other committees as may be necessary 
to carry on the work of the Federation. 


Section 14. The reports and recommendations of all committees of the Federation 
shall be subject to approval by the Board. 


Secrion 15. Members-at-Large are Active Members who are not members of the 
Board. 


ARTICLE VII. Publications 


All publications of the Federation shall be issued under the direction of the Board 
and shall be copyrighted as far as is practicable and proper. 


ARTICLE VIII. Amendments 


The Board of Control may amend these Bylaws in any manner not inconsistent with 
the Constitution by the two-thirds vote of those voting at any meeting of the Board or 
by sealed letter ballot, providing that a copy of such proposed amendment has been 
mailed by the Secretary to each member of the Board and to the Secretary of each 
Member Association at least thirty days prior to such meeting or letter ballot. 
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SIMPLE, ACCURATE METHOD FOR. 
DICATING DIGESTER COVER POSITION 


Varec’s economical gauge board indicator black numerals. All parts are ruggedly con- 
accurately gauges the movement of floating structed and the working mechanism is 
cover digesters with a simple working mech- _ enclosed in a protective housing. 


anism...displays readings on a 12-foot, VA 5 IAT 
easy-to-read anodized aluminum gauge REC OFFERS POSITION INDICATORS 
: , FOR ALL DIGESTER COVER NEEDS.. 
board installed directly outside the digester. 
Other Varec cover position indicators 
The calibrated gauge board shows measure- include a dial type indicator that registers 
ts in feet and inche has a 10-f indication within a 10-foot range on a large, 
ments |} ; eet an INCHES. . oi = a ~foot easily read dial and can be equipped with 
range with an extra 2 feet of pointer meas- alarm switches. And, for remote control 
: urement for greater cover or overflow travel. reading, Verec provides @ highty-eccurate 
St guovides gauge head indicator that delivers gauging 
at-a-glance reading wi accuracy to inch... adapts for use with 
a bright red pointer that contrasts sharply electrical or pneumatic remote reading or 
against the white aluminum board and large, 


For complete information on all Varec digester 
cover position indicators, write for Varec Cata- 
log No. S-4, Dept. JW P-1221-5 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street »* Compton, California 
3 TRADE @ MARK Branches and Representatives in Principal Cities 
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PROCEEDINGS OF MEMBER ASSOCIATIONS 


NEW ENGLAND SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 32nd Annual Meeting of the 


New England Sewage and Industrial 
Wastes Association was held at the 
Hotel Taft, New Haven, Conn., on 


Oct. 26-27, 1960. Attending were 150 
members and guests, and 13 ladies. 
The technical program included 
these papers: ‘‘ Hamden Sewage Meter- 
ing and Recent Changes at the New 
Haven Sewage Treatment Plant,’’ by 
William Bolton, City Engineer, New 
Haven, Conn. ; ** Application of Closed- 
Cireuit Television in Sewage Treat 
ment Plants,’’ by Robert Berman, 
President, Magna Film Productions; 
“Sewage Oxidation Ponds in Derry 


PLANT OPERATOR 


Sewage treatment plant operator 
to be responsible for the operation 
of a 1.5 mgd secondary-type sew 
age treatment plant with plump 
ing station, primary and second 
ary sedimentation, trickling filter, 
contact tank, heated sludge di 
gesters and sludge drying beds; 
located in Morris County, New 
Jersey. 
Previous experience in this type 
of plant operation required ; must 
qualify as Grade A operator in 
New Jersey. Salary open—de 
pending on qualifications. 
Send resumé containing personal 
history, experience and 
tional record to: 
HANOVER SEWERAGE 
AUTHORITY 
Harold R. Keenan, Administrator 
Box 247 


eduea 


Whippany, New Jersey 


and Jaffrey, N. HL.,’’ by Darrell A. 
Root, Partner, Camp, Dresser and 
McKee; ‘‘Puddling Trench Bacekfill.’’ 


by James J. Malloy, Construction En- 
Hartford Metropolitan Dis- 
trict; ‘‘Sludge Density Analyzer,’’ by 
Keith Industrial 
Corp.; and ‘‘ Industrial Lubricants in 
Plants,’ 
ard N. Pigeon, Texaco Ine. 
At the im- 
portant business of changing the As- 


eineer, 


Tozier, Nueleonices 


Sewage Treatment by Rich- 


business session, the 


sociation name was transacted. By 
unanimous vote the name is now: New 
England Water Pollution Control As- 
sociation. 

Vie 
presented the 


President 


Bedell 


(Continued on page 1444 


Kederation 
Schlenz 


Harry 
Award 


TECHNICAL EDITOR 


Career opportunity as technical 


editor in wastewater field. Duties 


are primarily coneerned with 
well-established and authoritative 
monthly, located in the East. Must 
be trained sanitary engineer hav- 
ing first-hand familiarity with 
treatment plants. Editorial expe- 
rience desirable but not necessary. 
Editorial interest and aptitude es- 
sential. Interesting and challeng- 
ing work with growing organiza- 
tion. Send resumé containing per- 
sonal history, experience, eduea- 
tional record, and salary require- 


ment to: 


Box T, JOURNAL WPCF 


1435 Wisconsin Avenue 


Washington 16, D. C. 
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FREEPORT SULPHUR MINE is the world's 
most unusual mining operation. The above 
photograph shows the giant water heating 
plant (left), the hotel-office structure and 
heliport (center) and the bleedwater 
platform (background). The sulphur drilling 
platform with its connecting 
pictured below 


freeway is 


P.O. BOX 8884 


KANSAS CITY 15, MISSOURI 
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A Smith & Loveless “Oxigest” factory-built sewage 
treatment plant serves the fabulous Freeport Sulphur 
Mine located seven miles out in the Gulf of Mexico, 
off Grand Isle, Louisiana. This unusual treatment 
plant installation is a 6,000-gallon unit, engineered to 
serve the disposal needs of the 100-man working force 
on Freeport’s man-made steel island, the world’s first 
off-shore sulphur mining operation. 


The Freeport “Oxigest” was shipped by truck from 
the Smith & Loveless manufacturing plant to Orange, 


Texas, where it was bolted in place below the 
superstructure which houses the hotel and office 
building. Then, the stilt-like structure was floated by 
harge to the mine site, lifted by huge cranes and set 
into place, some 60 feet above the Gulf surface 


We, at Smith & Loveless, are proud to count the 
sewage treatment plant at the Freeport Sulphur 
Mine among our many “Oxigest” installations. 


For more information on Smith & Loveless ““OXIGEST”’ 
... write Department 30. 


Smuth Loveless 


PLANT: LENEXA, KANSAS 


NEW, ORLEANS 
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SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 

ALL SNOW GATES and Lifts are ‘ Parker- 


ized” for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 

We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


| 2437 East 24th Street Los Angeles 54, Calif. 


PROVIDE DEPENDABLE 
CIRCULATION OF SLUDGE 
THROUGH HEAT 
EXCHANGERS 
at East Moline, Ill., Plant. 


AGLE Pumps for abusive applica 


tions exclusively, are functioning 
admirably at numerous sewage treatment 
and water treatment plants. The pump 
shown, a 3” type “HR”, is ideal for handling sludge—one of 
those in use at East Moline for circulating sludge from 
digesters through heat exchangers, to maintain the sludge at 
optimum temperature. The “HR” has a packing gland with 
trouble “designed out.” Simple slippage seal adjustment. 
Casing and impeller of manganese steel to resist abuse. A 
soundly engineered pump for years of service, as many users FOR ABUSIVE 
will verify. Send for Nagle Pump Selector. Nagle Pumps, eReL uaTeate 
Inc., 1210 Center Avenue, Chicago Heights, Ill. ‘ 
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Hardinge Center-Column Clarifier recently installed at the Hagerstown Sewage Plant 


another HARDINGE Clarifier 


for HAGERSTOWN 


Original installation: Two Hardinge Second installation: A  Hardinge 
Rotary Clarifier Mechanisms in rec- 3eam-Supported Primary Clarifier 
tangular tanks (1932) doing heavy duty (1949). 


2 
| 
EZ i NEW YORK 
HARDINGE TORONTO 
CHICAGO 
a | lor re > 240 Arch St., York k, Po. SAN FRANCISCO 
, Hardinge Equipment—Built Better to Last Longer. : 


kills flies, larvae 
and pupae . 
without damage to 
zoogleal film 
without destroying 


without reducing 
filter efficiency 


NEW INHIBITORY FACTOR — Hundreds 
of tests have demonstrated that R.S.C 
is extremely effective in killing Psychodae 
which have shown high degree of resistance 
to DDT, Methoxychlor, Lindane, Chlor- 
dane, Dieldrin, Aldrin, Malathion and other 
insecticides. 

This is accomplished by an inhibitory fac- 
tor which renders a hitherto resistant fly 
susceptible to the insecticides in the R.S.C 
formula. Field tests in such widely separated 
areas as Illinois, Texas, Florida have shown 
that use of R.S.C. reduces filter fly popula- 
tion to practically nil. 


SAFE, ECONOMICAL—[iS.C. regis- 
tered by the United States Departme nt of 
Agriculture for control of Psychoda flies 
When used according to directions, R.S.C 
is safe, economical, and the most effective 
method of filter fly control to date. 

Send for literature and field test reports. 


PAT. APPL. FOR 


GLENN 


CHEMICAL CO. 
industrial Chemicals Division 
CHICAGO 14, ILLINOIS 
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Hartford 
his out 


lloward of the 
Public Works for 
standing service to the 
The Hatfield Award for 
treatment plant management was pre 
sented to Steven A. Stankey, 
intendent, Fairfield, Conn, 

Officers elected for 1960-61 are: 


TO Earl 
Bureau of 
Association. 
excellence in 


Super 


President: 
Mass. 
Ist Vice-President: 

Providence, R. | 


Joseph B. Hanlon, 


Quincey, 


Iloward Carpenter, 


2nd Vice-President: Earl R. Howard. 
Hartford, Conn. 

Secretary-Treasurer: Richard F. Gree- 
ley, Boston, Mass. 

Assistant) Secretary-Treasurer: John 


Burlington, Vt. 
R. Howarp 
Secretary-Treasurer 


B. Richards, 


KENTUCKY-TENNESSEE 
WATER POLLUTION 
CONTROL ASSOCIATION 


The 14th Annual Meetine of the 
Kentucky-Tennessee Industrial Wastes 
and Sewage Works Association was 
held at the Andrew Johnson Hotel, 
Knoxville, Tenn., Sept. 12-14, 1960. 
The meeting was held jointly with the 
Kentucky-Tennessee Section AWWA. 
Total registration for the joint meet 
ing was 343 of which 64 were ladies 


During the business session, the name 
of the 
Kentucky 


Association was changed to the 
Tennessee Water Pollution 
Control Association. 

Papers of particular interest to mem 


bers of the Association 


‘The Water Pollution Control Fed 
eration,”” by W. D. Hatfield, Past- 
President, Water Pollution Control 
Federation, Tl, 

Panel discussion on 
Problems—Effeects on Water and 
with J. Wiley Fin- 
ney, Jr., partner, Howard K. Bell En- 
gineering Co., Lexington, Ky., serving 
and the panel 


wesc: 


‘Annexation 


Sewer Systems,” 


as discussion leader 


Continued on page 148a 
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TOPS IN DEPENDABILITY AND SAFETY 


Concrete or steel under- 
ground station with Shone® 
Type S pneumatic ejector, 
mechanically controlled 
(warranted 25 years). Re- 
mote air supply. Nothing 
electrical; maintenance free; 
operates even under water. 
For municipalities and large 
subdivisions. 


JOURNAL WPCEF 


SUPRISINGLY VERSATILE, INEXPENSIVE 


Which sewage lift station is best for your job? 


Shone® Type SAC station, 
underground in concrete 
vault. Mechanically con- 
trolled ejector (warranted 
25 years) has its own com- 
pressor. Frequently less 
costly than package stations. 


Finds use everywhere. 


STATION 


Quality underground station 
with vertical, short-coupled 
(Series 6260), dry pit cen- 
trifugal pumps. Quality de- 
sign and equipment give 
good service life at nominal 


4, cost. For small permanent 


tations, growing areas. 


Two-compartment steel 
basin with centrifugal ver- 
tical wet pit pump. Pumps 
are not submerged; motors 
protected from flooding. Low 
first cost; fast installation 
For buildings, small grow- 
ing subdivisions. 


ULTIMATE IN PACKAGE DESIGN 


Package underground station 
é with Expelsor® pneumatic 

} ejector, electrode controlled 

Sanitary and dependable, 
| low maintenance, easy to 
service. Recommended for 
municipal subdivision 


applications 


NS 


Expelsor® pneumatic ejec- 
tor station designed for use 
in buildings. Compressor is 
on basement floor; ejector 
on floor below. Sealed in- 
Stallation gives safe, odor- 
less handling of sewage in- 


doors. 


SPECIAL PROBLEMS? 


Centrifugal vertical wet pit 


pumps with adjoining set- 


tling basin. Good for areas 


where sand or old sewers 


create problems. Special 


pump construction for abra 


sive or corrosive conditions, 


Z 


industrial wastes. 


The answer depends on the job. Is it to be a tem- 
porary station? What about future loads? How much 
maintenance will it get? What type of power is avail- 
able? These and many other questions must be weighed 
carefully and without bias. In making the decision, 
why not put Yeomans 61 years’ experience (59 on 
underground stations alone) to work? Because Yeomans 
builds the only complete line of sewage lift stations in 
the industry, recommendations are impartial and in 
your best interest. Phone, wire, or write now. 


MAXIMUM RELIABILITY—MINIMUM SPACE 


AL MX 


SPECIALISTS IN SEWAGE LIFT STATIONS—THE COMPLETE LINE 


Package underground sta- 
tion. Expelsor® pneumatic 
ejector has two compart- 
ments, duplex compressors 
and controls. Excellent serv- 
ice accessibility. Especially 


suited for subdivision and 


municipal lift stations, 


YEOMAN 


1999-7 N. Ruby St., Melrose Park, lil. 


= 
= 
PACKAGE LOW FIRST COST—EASY INSTALLATION 
: 
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specialists 


* Sewer and Pipe Cleaning Equipment 
* Sewer Rods * Sectional Steel Rods 
* Complete Sewer Cleaning Machines 
* Braces and Guides 
* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consult Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W.H. STEWART, ING. 0.0. 267, syracuse, 
the INCREDIBLE Torque-Flow pump 


imagine any pump passing this bulky object (once an 
automobile muffler.) Yet the Torque-Flow Pump did it! Hard-to- 
pump materials that would stop any other pump are handled 
with ease. What will go in—will come out. Give your 

gi pumping problem to the men of Wemco! 


= recessed impeller; continuous open passage 
reaso nl s (what will go in will come out) 


® a div f 
Western Machinery Company 
650 Fifth St., San Francisco, Calif. 
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FASTER 


FAST, FOOLPROOF 
INSTALLATION 


PLACE RUBBER 
“0” RING IN SPIGOT 
GROOVE 


LINE UP, 

SHOVE INTO PLACE 
THAT’S ALL THERE IS 
TO IT! 


AKRON 9, OHIO 
65 W. State St 


SERVICE ALBANY 4, WN. Y. 
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TODAY'S 
FAST, TIGHT, TOUGH 
FACTORY-MADE JOINT 


Wedge-Lock’* Type ‘‘O”’ 
BY ROBINSON 


Now Available In Diameters Through 36” 


Now, lines go in faster, seal tighter, stay 
trouble-free longer. Robinson Type “O” joints 
reduce laying time... cut installation costs 
... are ideally suited to difficult installation 
conditions. New precision-tight Factory-Made 
Wedge-Lock Type “O” joints handle infiltra- 
tion and roots in any terrain. 


THE 


ROBINSON 


CLAY PRODUCT CO. 


ESTABLISHED 1856 
AKRON 9, OHIO 


INDIANAPOLIS 7, IND. 
1013-15 E. 21st St. 


NEW YORK 


*Patented. T.M. 
Reg. U.S. Pat. Off. 


POrtage 2-8601 WAlInut 3-1507 


You get quick de- 
livery of all sizes 
from strategically 
located Robinson 
branches. 


FOR MORE 
DETAILS 


on Robinson Fac- 
tory-Jointed Clay 
Pipe, Call the 
Robinson Branch 
Office nearest you 


R 660 139 


1357 Broadway 
BALTIMORE 2, MD. 
1546 Mathieson Bidg. MuUlberry 5-2930 
BOSTON 34, MASS. 
22 Pratt St., 
Allston Station 
BUFFALO 10, N. Y. 
1146 Seneca St TRiangle 3082 
CALDWELL TOWNSHIP, N. J. 

Kulick Road 

(off Fairfield Road) 
CHICAGO 46, ILL. 
7100 N. Lehigh Ave., 
Edgebrook Sta NEw Castle 1-5700 
EAST HARTFORD 8, CONN. 
170 Tolland St. 


HObart 3-4139 


STadium 2-8900 


CApital 6-8800 


BUtler 9-4389 


¥. 
107-10 180th St., P. 0. Box 589 
Jamaica, L. |., N. Y. REpublic 9-7100 
PHILADELPHIA, PA. 


P. 0. Box 85, 
Pottstown, Pa. 


ROCHESTER 11, N. Y. 
609 Buffalo Road 


SYRACUSE 3, N. Y. 
534 Spencer St. Harrison 2-9226 
TORONTO, ONTARIO, CANADA 

Baldwin Ave., Concord, 

Ontario, Canada AVenue 5-1138 
YONKERS, Westchester County, N. Y. 
1013 Saw Mill 

River Road 


FAculty 6-1310 


BEverly 5-6990 


YOnkers 8-7762 


| 
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TEWNESSER CORPORAT 


TENNESSEE CORPORATION 


612-629 Grant Building, Atlante 3, Georgic 


WPCF 
members discussing the following 
topies: ‘Advance Planning in Mem- 
phis,’’ by Justin J. Davis, director, 
Water Division, Memphis Light, Gas 
and Water Division, Memphis, Tenn. ; 
‘*Consultant’s Viewpoint,’’ by G. R. 
Watkins, partner, J. Stephen Watkins 
Consulting Engineers, Lexington, Ky. ; 
‘‘Murfreesboro Experience,’’ by E. L. 
Johnson, superintendent, Water Treat 
ment, Murfreesboro, Tenn.; and 
‘*Problems General to Annexation’’ by 
Victor ©. Hobday, executive director, 
Municipal Technical Advisory Service, 
University of Tennessee, Knoxville, 
Tenn. 

“Stream Pollution Control—Prog 
ress Report of Activities of Tennessee 
State Government,’ by Harold V. 
Miller, executive director, Tennessee 
State Planning Commission and Mem 
ber, Tennessee Stream Pollution Con 
trol Board, Nashville, Tenn. 

“Controlled Discharge of Paper 
Mill Wastes,’’ by S. J. Sullivan, Jr., 
chemist, Bowaters Southern Paper 
Corporation, Calhoun, Tenn. 

‘Digestion of Domestic and Indus 
trial Waste Solids,” by Thomas KR 
Tucker, sales) engineer, Dorr-Oliver 
Inc., Atlanta, Ga. 

‘Et. Loudoun Reservoir Stream In 
vestigation,’’ by Wm. Harold Martin, 
assistant director, Stream Pollution 
Control, Tennessee Stream Pollution 
Control Board, Nashville, Tenn. ‘‘Dis 
cussion,” by Harold L. Elmore, Publie 
Health Engineer, Stream Pollution 
Control Section, Tennessee Valley 
Authority, Chattanooga, Tenn. 

‘Financing Sewerage Improve- 
ments,”’? by Linzy D. Albert, Head, 
State Planning Office, Tenn. State 
Planning Commission, Nashville, Tenn. 
‘‘Piseussion,’’ by Thomas Mitchell, 
Cumberland Securities Corp., Nash- 
ville, Tenn. 

‘Industrial Wastes in City Sewers,” 
by Dean M. Taylor, Sanitary Engi- 
neer Consultant, Louisville-Jefferson 
County Metropolitan Sewer District, 
Louisville, Ky. **Diseussion,’’ by 


(Continued on page 152a) 
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“Out of sight—out of mind” can be a mighty expensive philosophy 
in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 
eight inch main whose inside diameter was reduced to an average 
of almost 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the /ow cost of National water main cleaning. 


Since there’s never a charge or obligation to inspect your 
mains, call National now! 


NATIONAL WATER MAIN CLEANING COMPANY 
50 Church Street * New York, N.Y. 


EASTERN SALES REPRESENTATIVE FOR PIPE LININGS, INC. 


ATLANTA 3, GA., 333 Candler Building * BERKELEY, CALIF., 920 Grayson Street * 
BOSTON 15, MASS., 115 Peterboro Street * CHARLOTTE, N. C., 533 Hollis Road * 
CHICAGO, ILL., 8 So. Dearborn Street * DECATUR, GA., P. O. Box 385 * EL MONTE, 
CALIF., 2024 Merced Avenue * FLANDEAIU, S. D., 315 N. Crescent Street * KANSAS 
CITY, MO. 3707 Madison Avenue * MINNEAPOLIS, MINN. 200 Lumber Exchange 
Building * OMAHA, NEBR., 510 Standard Oil Bldg. * RICHMOND 21, VA., 2910 W. Clay 
Street * SALT LAKE CITY, UTAH, 502 West 3rd Street * SIGNAL MOUNTAIN, TENN., 
204 Slayton Street * VILLA PARK, ILL., 424 S. Yale Avenue ° MONTREAL, CANADA, 
7445 Chester Avenue * WINNIPEG, MANITOBA, 576 Wall Street * BOGOTA, COLOM- 
BIA, Apartado de Correos #5 * SAN JUAN 10, PUERTO RICO, Manquinaria, Apartado 
2184 * LIMA, PERU, Bolivar 441-A, Marafi * CARACAS, VENEZUELA, Apartado 561 ° 
HAVANA, CUBA, P. O. Box 531 * OSLO, NORWAY, Radhusgaten 30 
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HOW LONG? 


SINCE YOU MENTIONED A JOURNAL 
SUBSCRIPTION - MEMBERSHIP 
TO SOMEONE IN 


YOUR OFFICE 

YOUR ORGANIZATION 

YOUR COMMUNITY 

A NEIGHBORING COMMUNITY 


Your Member Association Secretary, listed on the third left-hand page of 
the JOURNAL, or the Federation office, will be glad to send an application 
form and supply any additional information. 


Lasting Service with 
DAVCO FLOODED 
SUCTION SEWAGE 
LIFT STATIONS 


@ Flexible Bulkhead Seals 
@ Flood Control Devices 
@ Trouble-Free Control System 


@ Lifelong Exterior Protection 
ee Superior coating with Gunite optional 
The Davco Flooded Suction Sewage Lift Stations, the result of years 


of research and exhaustive tests, provide the most versatile and trouble- 
free packages available. 
For further details write 


AY. 
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selecting 
WASTE TREATMENT EQUIPMENT 


FINISHING 
WASTES 


MAXIMUM 
 §OLIDsS eac ‘Reacii¥ator 
REMOVAL = 


MINIMUM 
SPACE feactivator Clariflotor* Clariflotor 
REQUIRED 


ain ini 


*Reactivator+-high-rate solids-contact clarifier and softener *C lariflotor*-flotation unit *Rota-Rake-—horizontal flow gravity clarifier 


This chart illustrates the range of equipment Graver offers to meet waste treatment 
requirements. For example, it shows that when water recovery is desired in 
white water treatment, the Reactivator is most often the unit to use...and when 
lowest cost treatment is desired simply to render white water suitable for 
discharge, the Rota-Rake Clarifier will probably be the unit of choice. When other 
wastes and other requirements are being considered (see chart) the Clariflotor 
or Graver Ion Exchangers may be the answer. 


There are many factors in making the final choice of process and equipment 
but, whatever your requirements, Graver can meet them with the widest, finest 
selection of industrial waste treatment equipment available. And Graver can give 
maximum service to consultants and plant engineers if contacted during the 
early stages of planning a waste treatment facility. 


industrial Waste Treatment Department: W-530 


Graver Water Conditioning Co. 


G Ry AV cod re Division of Union Tank Car Company 
216 West 14th Street, New York 11, N.Y. 


Write for Genera/ Bulletin ana 
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THE BIOLOGY OF 


Polluted 
Waters 


by H. B. N. HYNES 


Written by an authority, this book pre 
sents the biological aspects ol the prob 
lem simply and comprehensively. It con 
outline of freshwater 


tains a_ general 


biology and the chemical and_ physical 
effects of various types of effluent. Late: 
chapters deal with the biological conse 
quences of each type of pollution and 
the effect of these on water supplies and 
amenities. Its photographs, illustrations 
and extensive international bibliography 
make it a value 


handbook of immense 


to all concerned professionally with this 


problem. 


216 pp. Fully illustrated Postpaid $4.00 


LIVERPOOL UNIVERSITY PRESS 
Liverpool 7 England 


Since 1885 


Gruendler Sewage Shredders everywhere 
have solved the difficult problem of sew- 
age disposal, helping in the work of 
SANITATION to prolong the life span of 
our citizens. 


— Manufacturers 


View of TWO Gruendl 


er 
connection with Bar Scree in the Coney Island Treat 
ment Plant Two other Grue er Sewage Shre 
Brooklyn, N.Y ., have bee peration for 11 


See the performance of a Gruendler Shredder, the most 
modern method of sewage screening, in a city near you 
(Locations mailed to you on request 


Write to 


GRUENDLER CRUSHER 


and PULVERIZER CO. 
2915 N. Market St., St. Louis 6, Mo. 


Dept., WPCF-361 bulle SG-10 
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Julian R. Fleming, Director, Division 
of Sanitary Engineering, Tenn. De- 
partment of Public Health, Nashville, 
Tenn. 

**Combined Waste Force Mains,’’ by 
Frank Kubas, Plant Analyst, Harri- 
man, Tennessee. 

‘*Blasting Investigations 
and Ben L. 
Director of Public Relations, Lambert 
Bros. Div., Special Claims Investigator, 
Vulcan Materials Company, Knoxville, 
Tenn. 

‘*Machine Billing and Customer Ac 
counting,’’ by C. F. Wahli, Head of 
Accounting Section, Knox 
ville Utilities Board, Knoxville, Tenn 

At the Annual Awards Banquet, 
C. M. Fair, Vice-Chairman of the As 
and the Loeal 
Committee presented  certifi- 
cates of award to: Raytheon Corpora- 
Bristol, Tenn.; Bush Brothers 
& Company, Dandrige, Tenn.; Russell 
Kork Coal Company, 
Ky.; Metal & Thermit 
Carrolton, Ky.; city of 
Tenn. ; city of Dickson, Tenn. : city of 


Claims 


Evaluations,” by Greene, 


Customers 


sociation Chairman of 


Awards 
tion, 


Elkhorn City, 
Corporation, 

Roekwood, 
Moorehead, Ky.; and city of Jefferson- 
town, Ky. 

Officers elected for 1961 are: 
Chairman: C. M. Fair, Louisville, Ky. 
Vice-Chairman: Jack <A. 

Nashville, Tenn. 
Secretary-Treasurer: 

Nashville, Tenn. 
Director: Herman D 

ton, Ky. 


Ilenshaw, 


Leary Jones, 


Regan, Lexing 


S. Leary JONES 


Secretary-Treasurer 


Personnel 
Service 


Classified ads will be accepted for “Personnel Avail 

ble’? and “Personnel Wanted’’ only. Rates are $1 
with minimum of Deadline for ad cop 

10th of the month preceding the 

copy t t., Water Pollution Control Federa 

ation, 4435 Wisconsin Ave., Washington 16, D. C Send 

replies to same address 


issue desired Send ad 
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WHICH GRIT 
COLLECTOR 


will protect your system best? 
LINK-BELT builds 7 types, 


‘an recommend the most 
efficient for your needs 


Modern sewage treatment requires grit removal to 
reduce maintenance costs on mechanical equipment 
and eliminate operational difficulties. Link-Belt has 
been manufacturing the finest in grit collection equip- 


ment for over 25 years—offers types and designs for 
any local conditions or requirements =~ 

j 
For full details, contact your nearest 
Link-Belt office. Or write for your copy ; rane | 


of Grit Collecting and Grit Washing : 
Book 2571. owes 


SANITARY ENGINEERING EQUIPMENT 


TYPE AB AERATED GRIT COLLECTORS 4 
large installations, ¢ it plants where 

to combine pre-aer: 
same tank. They co 
and porous tubes for 


ion and 


TYPE SW GRIT WASHER is a separ screw that STRAIGHTLINE GRIT COLLECTORS provide an easy method of collecting 
washes and dewaters grit conveyed to it by pump settled grit and inert solids without draining the grit chamber. These 
ejector, air lift or mechanical means. It can b¢ solids are dewatered and removed from the chamber by flight con- 
counted on for long, dependable service in separat veyors, screw conveyors, or buckets attached directly to the collectors. 
ing grit, water and putrescible matter Shown is a Link-Belt Type B double-strand installation. 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. Sanitary Engineering Regional Offices—-Colmar, Pa.. Chicago 9, Kansas City 8, Mo., 
San Francisco 24. Sales Offices in All Principal Cities. Export Office, New York 7. Representatives Throughout the World. 15,008 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


list was derived by 


JOURNAL. 


This list of products and services is offered 
solicitation 
make every effort to keep this 


as an 


from those 


bers and advertisers. All Associate Members and all 
year are included. Many of the services and products are 
this issue. For an alphabetical listing see Index to 


information 
firms listed. 
list current with the help of 
advertisers for the 
advertised 


The Jor 


Advertisers i 


aid. 


Associate 


Th 


e 


will 


Mem 


past 


i 


back 


Aerators (also see Diffusers, Air) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co 

Infilco Inc. 

Link-Belt Co. 

Pacific Flush Tank Co 

Penberthy Mig. Co., Div 
Eclipse Corp 

Permutit Co., 
mutit Inc. 

Smith & Loveless 

Walker Process Equipment Inc 

Wemco Div., Western Machinery 

Yeomans Brothers Co 

Zimmer & Francescon 


of Buffalo- 


Div. of Pfaudler Per- 


Co 


Agitators 
Link-Belt Co. 


Air Cleaning Equipment 
Westinghouse Electric Corp 


(also see Blow- 
and Fans) 


Air Compressors 
ers, Compressors, 
Chicago Pump Co 
Fairbanks, Morse & Co 
Komline-Sanderson Engr 
Worthington Corp 
Yeomans Brothers Co 
Air Diffusers (see Diffusers, Air) 


Asbestos Cement Pipe Products 
Filtration Equipment Corp 
Industrial Materials Cx 
Johns-Manville Sales Corp 

Keasbey & Mattison Co 


Ash Handling Equipment 
Link-Belt Co. 


Corp 


Bearings 
Link-Belt Co. 


Bins, Storage (see Tanks) 


Biologists (see Professional Services, 
elsewhere in this issue) 
Blowers (also see Air Cx 

Compressors, and Fans) 
Chicago Pump Co 


ympressors, 


Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Sutorbilt Corp. 

Yeomans Brothers Co 

Zimmer & Francescon 

Boilers 

Combustion Engineering, Inc 

Building Maintenance Equip- 


ment and Supplies 
Homestead Valve Mfg. Co 


Cast Iron Pipe Products 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 


trial Materials Co 
Pipe & Foundry Co 
R d Ce 


Cement (see Concrete) 


Cc Equipment 
Ce 


act 
it . Div of Pfaudler Per- 
mutit Inc 
Chains 
Chain Belt Co 
Link-Belt 
Webster Mig., Inc 
Che emical Feed Equipment | 
Builders-Providence Div., F In- 
d ri€ 
& Porter 


Water Conditioning Co 


Graver 


inderson Engr. Corp 


, B-I-F Industries 
Div. of Pfaudler Per- 


ioneers Div., B-I-F Industries 
> & Tiernan Inc 


Chemicals 


Dow Chemical 

Fisher Scientific Co. 

General Chemical Div., Allied Chem- 
ica 

Glenr Chemical Co 

Hach Cx 
ennessee ( Tp 

Chemists (see Professional Services, 
elsewhere in this issue) 


Chlorination E 


Builders-Providence Div., B-I-F In- 
dustries 
Everson Mfg. Corp 
Fischer & Porter Co 
Water Conditioning Co. 
> & Tiernan Inc 
Clarifier Equipment (also see 
Sedimentation Equipment) 


(Switzerland) 


Vell Works 

arter Co 

Cr 

n Co 

In 

raver iter Conditioning Co. 
Hardinge ( nc 
Infilco Inc 
Jeffrey Mig. Ce 


line-S 


K underson Engr. Corp 
Lakeside Engineering Corp 
of Pfaudler Per- 


Permutit Co., Div. 


mutit 
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Walker Proce 


Yeomans Br 
Zimmer & Fran 


Clay Pipe 
Industrial Mi ate 
Nati 1 ¢ 
National Sewer 
fobinson Cl 


Co 


escon 


Pr roducts 


Pipe Mfrs 


Pipe Ltd. ( 


t 


Equipment Inc. 
thers 


Canada) 


Coatings and Linings (Pipe and 


ol Ine 


il W 
ton 
Engr 


Comminutors 
d Gr r 


mp 


Inc 


Dorr-Oliver 


dler Cru 


Gruer 


Dresser 


gton 


Wi 
Yeoma 


Cc ompute rs 
Brown Ir 


trol Co., 


Ir 
iter M ain 


Cc 


& Mig 


(also 


Inc. 


‘leaning Co 


Co 


see 


itzerland) 


s Bri 


Vell Wor 


"c 


Ble 


In 


wer, 


div 


Shredders 


her & Pulverizer Co 


Div. of 


Honeywell Regulator Co., 
truments 


Concentrators (see Sludge Concen 


trators 


Concrete 
Portland Cement 


Concrete 


As 


sn 


Pipe Products 
Pressure 


Inc 


Pipe 


(Canada) 


American Concrete 
American-Marietta Cc 
Gray rete Pipe Co., 
Industrial Materials Cc 
Lock Joint Pipe C 
National Sewer Pipe Ltd 
Portland Ceme Assn 
Price Brother 
Construction 
Chain Belt 

Eimco Corp 


Worthington 


Corp 


In 
: 
4 
Ame 
Inert 
Ki i 
Nati 
Perry-A 
Infi I 
Konline-S In} 
Proport . 
Wall Infi I 
Jeffrey Mfg. Co 
Smith & Loveless 
3 | Walker Process Equipment Inc. i 
| Worthington Corp 
: 
| Compressors 
Chicago Pump Ce 
| Fairbanks, Morse & Co 
Komline-Sanderson Engr. Corp 
4 | 
3 
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Stationary Cutter Bar 


for 7° Comminutor 


Rotating Cutter Bar 


for 7” Comminutor 


AS, 


CUTTER BARS SERVICE FASTER- 
DOUBLE COMMINUTOR TOOTH LIFE 


Ina Worthington comminutor, all teeth 
are mounted as units called “cutter 
bars.” This makes servicing much faster 
and doubles tooth life. Here’s why 


As you can see for the 7° comminu- 
tor above, there are just one stationary 
and four rotating bars. Thus all teeth 
are removed by releasing just five cutter 
bars, instead of many teeth one by one. 
There is far less cutter adjustment, too. 
Note also that the 7” comminutor 
rotating cutter bars are reversible. Thus 
you get double the cutter life until re- 


sharpening. And resharpening ts faster, 
too, because cutter bars are much easier 
to handle than separate teeth. 

And here are three other exclusive 
Worthington 7” comminutor features 
(compare them); 33°, more power 
through using a Y; hp motor; greater 
capacity ... up to .45 mgd; and easier 
installation with flanged or bell and 
spiggot construction. 

Worthington’s 7”comminutor is ideal 
for packaged treatment plants and un- 
attended stations. Larger Worthington 


comminutors with equally desirable 
advantages handle flows up to 26 mgd. 
For more information, write Worthing- 
ton Corporation, Department 105-7, 
Harrison, N. J. In Canada, Worthing- 
ton (Canada) Ltd., Brantford, Ontario. 


WORTHINGTON 


PRODUCTS THAT WORK FOR YOUR PROFIT 
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Controls (also see Instruments, Re- 
cording and Control) 


Builders-Providence LDiv., B-I-F In- 
dustries 
Burgess-Manning Co., Penn Instru 


ments Div. 

Chicago Pump Co. 

Fischer & Porter Co. 

Foxboro Co. 

General Electric Co. 

Homestead Valve & Meter Co 
Infilco Inc 

Minneapolis-Honeywell Regulator Co 
Brown Instruments Div 

Ohmart Corp. 

Permutit Co., Div. of Pfaudler Per- 
mutit Co. Inc. 

Rockwell Mfg. Co. 

Wallace & Tiernan Inc. 
Westinghouse Electric Corp. 
Worthington Corp. 


Conveyors 
American Well Works 
Chain Belt Co. 

hicago Pump Co. 
Jeffrey Mig. Co. 
Link-Belt Co. 

Stuart Corp. 

Webster Mfg., Inc 


Corrosion Protection 
Amercoat Corp. 

Chicago Pump Co. 
Corrosion Co., Inc. 
Inertol Co., In 
Johns-Manville “Sales Corp. 
Koppers Co., Inc. 
Perry-Austen Mfg. Co. 

A. O. Smith Corp. 
Stebbins Engr. & Mfg. Co. 
Wallace & Tiernan Inc. 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see Aerators) 
Alpha Ltd. (Switzerland) 

American Well Works 

Carborundum Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Lakeside Engineering Corp 
Link-Belt Co. 

Pacific Flush Tank Co 

Penberthy Mfg. Co., Div. of Buffalo- 
Eclipse Corp 

Walker Process Equipment Inc 
Wemco Div., Western Machinery Co 
Zimmer & Francescon 


Diffusers, Gas (also see 
American Well Works 
Carborundum Co 

Chicago Pump Co. 

Eimco Corp. 

Infilco Inc. 

Walker Process Equipment Inc 
Yeomans Brothers Co 


Aerators) 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chicago Pump Co. 
Dorr-Oliver Inc. 

Eimco Corp 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infilco Inc. 

Jeffrey Mfg. Co. 

Lakeside E Corp. 
Link-Belt Co 

Pacific Flush Tank Co. 

4. O. Smith Corp. 

Smith & Loveless 

Vapor Recovery Systems Co. 
Walker Process Equipment Inc 
Yeomans Brothers Co. 
Zimmer & Francescon 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 
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Ralph B. Carter Co 
Dorr-Oliver Inc 
Eimco Corp 
Infilco Inc 
Lakeside Corp. 
Link-Belt 
Pacific Flu: h Tank Co 
Smith & Loveless 
Walker Process Equipment Inc. 
Yeomans Brothers Co 
Zimmer & Francescon 
Dryers 

mb isti Engineering, Inc 
Corp 


Engr. Corp 


N s Engr. & Research Corp. 
Stuart Corp. 


Ejectors 

Komline-Sanderson Engr. Corp 

Smith & Loveless 

Tex-Vit Mfg. Co 

Yeomans Brothers C 

eee (see Professional Services, 

sewhere in this issue) 

Engines (Sludge Gas and Pe- 
troleum Fuels) 

Fairbanks, Morse & Co. 

Waukesha Motor Co 


Worthington Corp 


Fans (also see Air Compressors, 
Blowers, ar mpressors) 
Chicago Pt 
» ecring C rp 
ise Electric Corp 


Filter Equipment, Trickling 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co 
Ik rr-Oliver Inc 

w ¢ 


quipment Corp. 


D 

Eir 

Fil 

Ind aterials Co 

Inf 

Keasbey & Mattison Co 
Komline-Sanderson Engr a 
Lakeside Engineering 

Nichols Engr. & Re earch ‘Corp 
Pacific Flush Tank Ce 

Smith veless 

Trickling Filter Floor Inst 
Walker Process Equipment Inc 
Yeoma Brothers C 
Zimmer & Francescon 


Filter Materials 


Carborundun 


Filtration Equipment Corp 
Glenn Chemical Co 
Graver W 


ter Conditioning Co 
Is Ce 
Johr :-Manville Sale Corp 


Filters, Diatomaceous Earth 
Graver Water Cx ming Co 
Ye 1 Brothers Co 


Filters, 
Filters) 

Bird Machine Co. 

D iver 

Eimco Corp 

Pr on rtioneers Div., 


Vacuum (also see Vacuum 


B-I-F Industries 


Flocculating Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co 

Chain Belt Co 

Dorr one Inc 

orp 

Graver w ater Conditioning Co. 
Hardinge Co., Inc. 


Infilco Inc 
Jeffrey Mig. Co. 


Lakeside Engineering Corp. 
Link-Belt (¢ 
Permutit Co., Div. of Pfaudler Per- 
mutit Inc 
Stuart Corp 
Walker Process Equipment Inc. 
Webster Mfg., Inc 
Zimmer & Francescon 
Flotation Equipment 
Chain Belt Cx 
Dorr-Oliver Inc 
Eimco Corp 
Graver Water Conditioning Co 
Komline-Sanderson Engr. Corp 
Yeomar Brothers Co 
Flow Measurement 
Burgess-Manning Co., Penn Instru- 
ments Div 
Filtration Equipment Corp. 
Gas Control Equipment 
Alpha Ltd. (Switzerland) 
Burgess-Manning Co., Penn Instru- 
ments Div 
Ralph B. Carter Co. 
Chicago Pump Co 
Dorr-Oli iver In 
Ive Mfg. Co. 
Tank Co 
Ce 
ty Systems Co 
s Equipment Inc 
noescor 
Gas Diffusers (see Diffusers, Gas) 
Gas Holders, Boilers, and Ap- 


purtenances 


Ralph B. Carter Co. 
Chicago Pump Co 
Dorr-Oliver Inx 

} in 


Johns-Manville Sales Corp 
Walker Process Equipment Inc. 


Gaskets 


Johns-Manville Sales Corp 


Keasbey & Mattison Co 

Gates 

Armco Drainage & Metal Products, 
Ir 

Filtration Equipment Corp. 


Industr rial Materials Cc 
vw Gates & Valves, Inc. 
Webs ter Mig., Inc 


Generators 


Fairbanks, Mc rse Co. 

General 

Westir ish use EI Mo Corp. 

Worthington Corp 

Grinders (also see Shredders and 
Grinde 

Alpha Ltd 
nerican We 

Chain Belt 

Dorr-Oliver 

Gruendler Crusher & Pulverizer Co 

Co 


Jeffres Mig 

Yeomans Brothers Co 

Grit Collection and Condition- 
ing Equipment 

Alpha Ltd. (Ss 

American Well Works 


Chicago Pump Co. 

Dorr-Oliver Inc 

Eimco Corp 

Infilco Inc 

Jeffrey Mfg. Co. 

Link-Belt Co 

Stuart Corp 

Walker Process Equipment Inc. 
Webster Mfg., Inc 

Zimmer & Francescon 
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Your assurance of uniform dispersion... 
long diffuser life... trouble free service 


ALOXITE aluminum oxide diffusers have 


proved successful in hundreds of installa- 
tions with more than 25 


years of 


service. ALOXITE installations outnumber all 


other makes of porous ceramic diffusers 


Remember these characteristics of ALOXITE 
when considering your air diffuser require- 
ments . (1) A uniform grain and pore 
structure. This assures uniform, small-bub- 
ble diffusion. (2) A smooth, low-resistance 
surface. The glass-like ceramic bond that 


coats each grait? minimizes pressure loss or 


clogging. (3) Permanent resistance to cor- 
rosion. (4) Adaptability to practically all 
cleaning methods. (5) Great strength and 
ruggedness. 


ALOXITE diffusers are available in plate or 

tube form and ina full range of grades. 

This permits maximum flexibility of design 
. your assurance of aeration results. 


Write for free 56-page 
booklet to Dept. N-31, 
Refractories Division, 
The Carborundum Co., 
Perth Amboy, N. J. 


For time-tested porous media... count on 


CARBORUNDUM’ 


| 
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Grounds Maintenance 
ment and Supplies 
Homestead Valve Mfg. Co. 


Equip- 


Heating Equipment for 
ters and Buildings 

Alpha Ltd. (Switzerland) 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

General Electric Co. 

Infilco Inc. 

Link-Belt Co. 

Pacific Flush Tank Co 

Walker Process Equipment Inc 


Diges- 


Incinerators 

Combustion Engineering, Inc 

Nichols Engr. & Research Corp 

Walker Process Equipment Inc 

Zimmermann Seessen Div. of Sterling 
Drug Inc. 


Insect Control 
Glenn Chemical Co. 


Inspection, Sewers 
Centriline Corp. 
National Water Main Cleaning ¢ 


Instruments, Recording and 
Control (also see C Is anc 
Recorders) 

Builders-Providence Div., B-I-F In- 
dustries 

Burgess-Manning Co., Penn Instru- 
ments Div 

Fischer & Porter Co. 


Fisher Sc ete Co. 


Foxboro Cx 
General E lectric Co. 
Hach Co 


Infilco Inc. 
Minneapolis-Honeywell Regulator Cx 


Brown Instruments Div 
Ohmart Corp. 
Rockwell Mig. Co 
Wallace & Tiernan Inc 


Westinghouse Electric Corp 

lon-Exchange Equipment 

Permutit Co., Div. of Pfaudler 
mutit Inc 

4. O. Smith Corp. 


Per- 


Jointing Materials 
American Concrete 

Assn 
Gray 
Keasbey 
National Clay 
National 
Perry-Au 
Robinson Clay 
Stebbins Engr 


Pressure Pipe 
ncrete Pipe Inc 

& Mattison (¢ 
Pipe Mirs 
Sewer Pipe Ltd. 
Mig 

Product Co 
& Mig. Co 


Inc 


ten 


Joints, Mechanical 

an Cast Iron Pipe C 
Johns-Manville Sales ( 
mal Sewer Pipe Ltd. 
Robinson Clay Product Co 
Smith-Blair, Inc. 

U. S. Pipe & Foundry Co. 


(Can 


ada) 


Laboratory and 
Supplies 

Filtration Eq juipment Corp 

Fisher Scientific Co 

General Chemical Div., 


Equipment 


Allied Chem- 


Stuart Corp. 


Lift Stations 
Davco Corp. 
Smith & Loveless 
Tex-Vit Mfg. Co. 
Yeomans 


Brothers Co. 


i | 
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Lighting Fixtures 
il Electric Co. 
Electric Corp. 


Gener 
Westi 
Lubricants 

Homestead Valve Mfg. Co. 
Johns-Manville Sales Corp 


ghouse 


Manhole and Inlet Castings 


| 
| 
merican-Marietta Co. | 
Vapor Recovery Systems Co 
Masonry Materials 
Americar larietta Co 
Portland Ceme Assn 
Price Brothers 


Meter Boxes 


s-Manville Sales Corp. 


Meters (Sewage, Sludge, Water, 
Air, and Gas) 

Builder Providence Div., B-I-F In 

Burgess-Manning Co., Penn Instru- 
ents Div 

Ralph B. Carter Co 

Filtrat Equipment Corp 

Foxbor 

Infil 

Minne s-Honeywell Regulator Co., 
sr truments Div 

Rockwe Mig ( 

Roots-¢ ersville Blower, Div. of 
Dresser Industries Inc 

Valve and Meter Co 


Corp 


Mixing Devices 


Alpha Ltd Sw 
American Well W 
Ralph B. Carter Co 
Ch Belt Ce 
Dorr-Oliver Inc 
Fir Corp 
Infilco Ir 
Jeffrey Mig. Co 
Walker Process Equipment Inc 
We Div., Western Machinery Co 
Motors | 
( | 
rse & Cx 
tric C 
Electric Corp 
Corp 


Control Materials 
Airkem, Inc 

Tennessee ( 

Odor Counteractants 


irkem 


Package 


Treatment 


Chain Belt (¢ 
Chicago Pump Co. 
Dorr-Oliver Inc 
Infi I 
M ipal Service Co 
s 1 & Loveless 
Ye ns Brothers Co 
nville Sales Corp 
& Mattison Co 
and Protective Coatings 
ime rp 
Inertol Inc 
Koppers ( ne 
Perry-Austen Mfg. Co 
Smith & Loveles 
Stebbir Engr. & Mig Co. 
Pipe, Asbestos Cement 
| il Materials Co 
inville Sales Corp. 
ey & Mattison Co 


Cast Iron 
ast Iron Pipe Co. 
Pipe Research Assn 


Pipe, 
American C 
Iron 
trial Materials Co. 


Pipe & F¢ 
Wood Co 


undry Co. 


Pipe, Clay 

Industrial Materials Co. 
ational Clay Pipe Mfrs., 

National Sewer Pipe Ltd 

Robinson Clay Product Co 


Inc 
(Canada) 


Pipe Cleaning 

Centriline Corp 

I lexil le Inc 

Homestead Valve Mfg. Co 
National Water Main Cleaning Co 
W. H. Stew art, Inc 


Pipe Coatings and Linings 


Amercoat Corp 

American Ripe & Construction Co 

Centriline orp 

Koppert In 

National W iter M ain Cleaning Co 

Perry-Austen Mfg 

Stebbins Engr. & Mig. Co 

Pipe, Concrete 

American Concrete Pressure Pipe 
Asst 

American-Marietta Co 

American Pipe & Construction Co 

Gray Concrete = Co., Inc 

Lock Joint Pipe C« 

National Sewer Pipe Ltd. (Canada) 

Portland Cement Assn 

Price Brothers Co 

Pipe, Fiber 

Sonoco Products Co 


Pipe Fittings 
mer Cast Iron Pipe Co 


n Pipe Rese = Assn 
& Mattison ) 
Pipe Ltd. (Canada) 
ther 
Clay Pr duct Co. 
ir, Ine 
Pipe & Foundry Co 
R. D. Wood Ce 
Pipe Jointing Materials (see 


Jointing Materials) 


Pipe, Plastic 
Amercoat 
Evanite Pl: 


Pipe, Kepairs 
Centriline Ce 
Smith-Blair, Inc 


Pipe, Steel 

American Pipe & Construction Co 

Armco Drainage & Metal Products, 
Ir 

Keasbey & Mattison Co 

4. O. Smith Corp 

Plastic Pipe Products 

Amercoat Corp 

Evanite Plastic Co 

easbey & Mattison Co 

Publications 

meri ity Magazine 

Engine g New ecord 

Live l iv Press (England) 

Put Works Magazine 

Wastes Engineering Magazine 

Water & Sewage Works 

John Wiley & Sons, Inc 

Pump Controls 

Builders-Providence Div., B-I-F In- 
dustrie 

Burgess-Manning Co., Penn Instru- 
nents Div 

Pump Co 

Fischer & Porter Co 

Foxboro C 

General = Co 

Minnea “Hi neywell Regulator Co., 

uments Div 


Bre 1 
Rockwell Mig Co 
Smith & Loveless 
Westinghouse Electric Corp 
Worthington Corp 
Zimmer & Francescon 


| 
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WPCF publications 


Safety in Wastewater Works 


Contains information on hazards, acci- 
dent statistics, rescue methods, safe prac- 
tices, and equipment. 56 pages. $0.75 
to members; $1.50 to others. Order as 
Item MOP-1.* 


Utilization of Sewage Sludge as 
Fertilizer 


An authoritative evaluation of advan- 
tages and limitations of sludge as a soil 
conditioner. 120 pages. $0.75 to mem- 
bers; $1.25 to others. Order as Item 
MOP-2.* 


Chlorination of Sewage and In- 
dustrial Wastes 


Reviews history, development, and up-to- 
date technique of chlorine application. 90 
pages. $1.00 to members; $1.25 to others. 
Order as MOP-4.* 


Air Diffusion in Sewage Works 


History and modern practice in design, 
installation, operation, and maintenance of 
diffuser systems and appurtenances. 75 
pages. $1.00 to members; $1.25 to others. 
Order as Item MOP-5.* 


Units of Expression for Wastes 
and Waste Treatment 

Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 


treatment. 8 pages. $0.25 to members; 
$0.50 to others. Order as Item MOP-6.* 


Sewer Maintenance 


A guide for maintaining a municipal or 
industrial drainage system in serviceable 
condition. 64 pages. $1.00 to members; 
$1.50 to others. Order as Item MOP-7.* 


Sewage Treatment Plant Design 

Prepared jointly by the Federation and 
ASCE. Detailed presentation of the sub- 
ject. 375 pages. $3.50 to members; $7.00 
to others. Order as Item MOP-8.* 


Design and Construction of 

Sanitary and Storm Sewers 
Prepared jointly by the Federation and 

ASCE. Detailed presentation of the sub- 


ject. 283 pages. $3.50 to members; $7.00 
to others. Order gs Item MOP-9.* 


Twenty-Year Index to Sewage 
Works Journal 


Covers Sewage Works Journal, 1928- 
1948. Author, subject, and geographic. 
144 pages. Buckram bound, $3.00. Order 
as Item Dex-20. 


Ten-Year Index to Sewage and 
Industrial Wastes 


Covers Sewage and Industrial Wastes, 
1949-1958. Author, subject, and geo- 
graphic. 168 pages. Buckram, $4.00; heavy 
paper, $3.00. Order as Item Dex-10. 


Glossary—Water and Sewage 
Control Engineering 


Prepared jointly by the Federation, ASCE, 
AWWA, and APHA. 2,600 terms per- 
taining to momenciature. 274 pages. 
$1.00. Order as Item Gl. 


Binder 


Multiple wire, 2-in. capacity, for all 
MOP’s listed except 8 and 9. $2.00. 
Order as Item Bi.* 


* Discount of 15% on orders for 12 or 
more of any one manual. 


Item | Copies | Cost Item | Copies | Cost Item | Copi S| Cost 


Enclosed is remittance for $. 


Print Name 


Member Association 
If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. 


| | 
: 
ES Water Pollution Control Federation 
a | 4835 Wisconsin Avenue, Washington 16, D. C. : 
| | 
| 
| 
| | 
| 
| 
| = | 
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Pumps, Airlift 
Davco Corp. 
Walker Process Equipment Inc 


Pumps, Chemical Feed 

Proportioneers Div., B-I-F Industries 

Pumps, Gas 

Roots-Connersville Blower, Div 
Dresser Industries Inc. 

Sutorbilt Corp. 

Pumps, Grit 

Nagle Pumps, Inc. 

Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., 
Air Brake Co. 

Chicago Pump Co. 

Davco Corp 

Eimco Corp 

Fairbanks, Morse & Co. 

Gorman-Rupp Co. 

Infilco Inc 

Marlow Pumps, Div. 
sett Co 

Smith & Loveless 

Sutorbilt Corp. 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Cr 

Worthington Corp 

Yeomans Brothers Co. 

Zimmer & Francescon 

Pumps, Sludge 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., 
Air Brake Co. 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc 

Eimco Corp 

Fairbanks, Morse & Co. 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infileo Inc 

Komline-Sanderson Eng orp 

Marlow Pumps, Div. ~ § Bell & Gos- 
sett Co. 

Nagle Pumps, Inc. 

Sutorbilt Corp. 

Wallace & Tiernan Inc. 

Wemco Div., Western Machinery Co 

Worthington Corp. 

Yeomans Brothers Co. 

Zimmer & Francescon 


The New York 


of Bell & Gos 


The New York 


Pumps, Vacuum 
Roots-Connersville Blower, 
Dresser Industries Inc. 

Sutorbilt Corp 
Pumps, Water 
American Well Works 
Aurora Pump Div., 
Air Brake Co 
Ralph B. Carter Co. 
Chain Belt Co 
Chicago Pump Co. 
Eimco Corp 
Fairbanks, Morse & Co. 
Gorman-Rupp Co 
Marlow Pumps, Div. 
sett Co 
Wallace & Tiernan Inc. 
Worthington Corp 
Yeomans Brothers Co. 
Zimmer & Francescon 


The New York 


of Bell & Gos- 


Radiation 
ment 
Westinghouse Electric Corp. 

Radios, Mobile 
General Electric Co. 


Monitoring Equip- 


Recorders (also see Instruments, 
Recording, and Control) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Co 

General Electric Co. 


B-I-F_ In- 


Penn Instru- 
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Minneapolis-Honeywell Regulator Co., 
Brown Instrt 

Ohmart Corp 

Wallace & Tiernan 


Refractory 
Carborundu 
Johns-Mar ville 
Robinson Clay 
Stebbins Engr 


Materials 


Sales Corp 
Product Co 
& Mig. Co 


Safety Equipment 

Vapor Recovery Systems Co 
Equipment 

( ‘hicago Pump Cx 

Infilco Ir 

Lakeside Engineering Corp 
Sand, Gravel, 

Graver Water ( 


and Stone 
nditioning Co 


Screening Equipment 
Ipha L td. (Switzerland) 
Wel | Works 


cess Equipment Inc 
& Frances 


Sedimentation Equipment 
arifier Equipment 
(Switzerland) 


ell Works 


erson Engr. Corp 
Engineering Corp 


Equipment Inc 
Webster Mfg., Inc 
Yeomans Brothers C 


Sewer Equipment 
id Valve Mig. Cx 
| W ater Main Cleaning Co 
Ir 


Stewart 


W. 


Sewer Inspection 


Sewers) 


(see Inspection, 


Shredders (also see 
and Grinders) 
(Switzerland) 


Comminutors 


Co 
thers Co 


Siphons 

Alpha Ltd. (Switzerland) 
merican Well Works 

arter Co 


I 


ny gineering Corp 
» Tank Co. 
thers Co 

Sludg 

Eimec 


e Concentrators 
Corr 
Nichols 


& Research Corp 


Sludge Flotation Equipment (see 
Flotation Equipment) 


rp 
Engr 


Sludge and Control 
Chain Belt Ce 

Dorr-Oliver inc 

Eimco Corp 

Jeffrey Mig. Co 

Link-Belt C 

Nichols Engr. & Research Corp 
Walker Process Equipment Inc. 


Zimmermann Process Div 
rug Inc 


of Sterling 


Sludge Kemoval Equipment 

Jeffrey Mi g. Ce 

Link-Belt C 

Webster Mfg., Inc 

Zimmermann Process Div 
Drug Inc 


of Sterling 


Sludge Shredders 

Alpha Ltd. (Switzerland) 
Gruendler Crusher & Pulverizer Co 
Jeffrey Mfg. Co 

Sprockets 

Chain Belt Co 

Link-Belt 

Webster Mfg., Inc 


Steel Pipe 
Armco 
Inc 


Structural Metal 
Alpha Ltd. (Switzerland) 


Switchgears 

Alpha Ltd. (Switzerland) 
General Electric Co 
Westinghouse Electric Corp. 
Worthington Corp 


Products 


Drainage & Metal Products, 


Tanks 

Chain Belt Co. 
Link-Belt 
Preload C Inc 
4. O. Smith Corp 


Stebbins Engr. & Mfg. Co. 


Tools 
Flexible Inc 


Transformers 
Alpha Ltd. (Switzerland) 
Gener lectric Co 
Westing! ctric Corp 
Trickling Filter Equipment (see 
Filter Equipment, Trickling) 


Trucks and Tractors 
Eimco Corp 


Turbines 
Worthington Corp. 


Vacuum Filters (also see Filters 
acuum) 

Bird Machine 

Dorr-Oliver I: 

Eimco Corp 

Ke nline-Sanderson 

veers Div 


Engr. Corp 
B-I-F Industries 


Valves and Gates 


Armco Drainage & Metal Product: 


B-I-F In- 


Inc 
Builders-Providence Div., 
dustries 
Chapmar 
DeZurik Corp 
Filtration Ex 


Valve Mfg. Co 
1ipment Corp. 
Homestead Valve Mig. Co 
Industrial Materials Co 


‘onnersville Blower, Div. of 
Dresser Industries Inc 
Simplex Valve and Meter Co 
A. P. Smith Mfg. Co 
Snow Gates & Valves 
Westinghouse Electric 
W-K-M Div. of ACF Industries, Inc 
R. D. Wood Co 
Yeomans Brothers Co 


Vessels (see Tanks) 


Weighing Devices 

Builders-Providence Div., 
dustries 

Fairbanks, Morse & Co 

Fisher Scientific Co 

Wallace & Tiernan Inc 


As 
| 
| 
} 
| 
Chicago Pump Co | 
Dorr-Oliver Inc | 
Eimco Corp 
Infilco Inc | 
Jeffrey Mig. Co : 
x 
| 
(also | 
Ame 
Ralph B. Carter 
Chain Belt Co | | 
Dorr-Oliver Ir 
Eimco Cory 
8g Graver Water Conditioning Co | 
Infilco Inc | 
Lakeside 
Link-I | 
| 
| 
wh Div. of 
| 
| 
| Dorr-Oliver_Inc 
Vie | Gruendler Crusher & Pulverizer Co d 
| Jeffrey Mig 
I 
| } Mueller ¢ 
Rockwell Mig. 
| 
| 
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STANDARD METHODS 
11th Epition 


e NEW TITLE Standard Methods for the Examination of 
Water and Wastewater. 


e JOINTLY PRODUCED American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


DETAILED COVERAGE Laboratory manual and reference of more 


than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


NEW COVERAGE More than 100 pages added; new sections on 


radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


ORDER NOW 


Special price of $8 to members of any of the 
three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue, Washington 16, D. C. 


Publication: STANDARD METHODS FOR 
EXAMINATION OF WATER AND 
WASTEWATER, ilith Edition. 


USE THIS COUPON 


THE 


Enclosed is remittance for $ 


Federation Member Association 


If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 
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DESIGN MANUALS / 


“Sewage Treatment Plant 


© TREATMENT PLANT Design,” 374 pages of the 
DESIGN latest information for those 
interested in plant design. 
¢ SEWER DESIGN AND (WPCF MOP 8). 
CONSTRUCTION 


“Design and Construction of 

Sanitary and Storm Sewers,” the 

COMPANION VOLUMES widely used sewer manual con- 
IN THE taining 283 pages of comprehensive 
information, including more than 100 


illustrations. (WPCF MOP 9). 


FEDERATION 
MANUAL 


SERIES Each manual is offered to members at 
$3.50, and to others at $7.00. 


(Produced Jointly 


with ASCE) Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Alrports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 
THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis K. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief Sewerage, Sewage 
Disposal Drainage, Appraisals, 
Power Generation 
Civie Opera Building Chicago 


ANDERS@ON-NICHOLS 
(Company 


Consulting Engineers 
Water Supply, Distribution and Treatment In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Hartford, Conn Boston 14 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


rr 
MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers Airport Design —Sewage Disposal 
Systems —Water Works Des gn and Operation Surveys 
and Maps —City Planning —Highway Dengn —Conatrur- 
tion Surveya —Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Hlinots 


THOMAS W. BEAK 
Consulting Biologist 

Pollution Studies 

Stream and Lake Surveys 

Toxicity Tests 

Blological and Chemica! Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers, Inc. 


WATER WORKS SWIMMING POOLS 
INDUSTRIAL WASTES DRAINAGE 
SEWERAGE GARBAGE DISPOSAL 
VALUATIONS RATES REPORTS 
OPERATION SUPERVISION 


553 S. LIMESTONE ST., LEXINGTON, KY. 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
Journat. This is where potential 
clients seek professional assistance. 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


BENHAM 
ENGINEERING COMPANY 


Consulting Engineers 


215 N.E. 23rd Oklahoma City 


Established 1909 


It pays to secure competent and experienced professional advice! 
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BETZ LABORATORIES, INC. 
Consulting Engineers 
Industrial Waste 
Industrial Water 

Analysis Design 


Investigations 


Gillingham & Worth Sts. 


Operation 


Philadelphia 24, Pa. 


BLACK, CROW AND EIDSNESS 


ENGINEERS 


Water, sewerage, power, hydrology, recalcination, 
waste treatment, valuation special investigations 
and reports, laboratory services 


700 S.E. Third Street Gainesville, Florida 


BLACK & VEATCH 


Consulting Engineers 
Sewage — Gas — Water — Electricity — Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 


Consultants 


CLINTON L. BOGERT IvaAN L. BOGERT 
DONALD M. DitMars RoBpert A. LINCOLN 
CHARLES A. MANGANARO WILLIAM MARTIN 


Water & Sewage Works 
Drainage 
Highways and Bridges 


Incinerators 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
1000 Farmington Ave. 
West Hartford 7, Conn. 


75 West St. 
New York 6, N.Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers Streets 


Structures Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 
Water and Sewage Works 
Industrial Waste Control and Treatment 


Laboratory Services 


508 TENTH STREET DES MOINES, IOWA 


125 West Church Street 


FLOYD G. BROWNE AND ASSOCIATES 
CONSULTING ENGINEERS 


Water Supply — Purification — Sewerage — Sewage Treatment — Power and Industrial 
Plants — Industrial Waste Treatment and Disposal 
Reports — Designs — Supervision — Operation 


Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. ¥. 


ONLY $75 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Take advantage of the services of these outstanding firms! 
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Y 
BurGcess & NIpLe 
Consulting Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


Columbus 12, Ohio 


2015 W. Fifth Ave. 


PROFESSIONAL 
SERVICES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


P.O. Box 173 


Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 8, Mass. 


Capital Engineering 
Corporation 
Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


JOHN A. CAROLLO 


Consulting Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


2168 Shattuck Ave. 
Berkeley 4, Calif. 


3308 N. Third St. 
Phoenix, Arizona 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants-—Incineration-Gas Systems 
Valuations—Rates- Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Consulting Engineers 


Sewage treatment, sewers, storm drainage, flood 
control— Water supply and treatment—Highway 
and bridges— Airports—lUrban renewal—Electric 
and gas transmission lines— Rate studies, surveys 
and valuations—Industrial and _ institutional 
buildings 


360 East Grand Ave. Chicago 11, II. 


CRAWFORD, MURPHY &G TILLY 


Consulting Engineers 


TRAFFIC PROBLEMS—SWIMMING POOLS—SEWERS 
SEWAGE TREATMENT—WASTES TREATMENT 


WATER WORKS 


RESERVOIRS 


FLOOD CONTROL 


AIRPORTS 


DRAINAGE 
STREETS 


HIGHWAYS—EXPRESSWAYS—SURVEYS & REPORTS 
755 South Grand West 


Springfield, Illinots 


Damon & Foster 


Consulling Civil Engineers and 
Survevors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


DOW INDUSTRIAL SERVICE 


Division of The Dow Chemical Company 
Consulting Laboratories 


Pollutional Characteristics Waste Evaluations 
Treatment Process Development 
Chemical Cleaning 


20575 Center Ridge Road 
Cleveland 16, Ohio 


JOURNAL 
Advertising Pages 


These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 
also assist the readers. 


Jonsult these specialists for professional assistance! 
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PROFESSIONAL 
SERVICES 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—lIncinerators 
Airports—Bridges—Express Highways—Port and 
Terminal Works—Industria! Buildings 


11 Beacon Street Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 

CONSULTING ENGINEERS 

Water Supply, Water Treatment, 
Sewerage, Sewave Treatment, 
Industrial Waste Treatment 


2130 Madison Avenue Toledo 2, Ohio 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage ; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
JourNAL. This is where potential 
clients seek professional assistance. 
THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


Pittsburgh, Pa. 


GANNETT FLEMING CORDDRY AND CARRPENTER, INC. 


Engineers 


Sewage, Industrial Wastes & Garbage Disposal, Dams, Water Works, Highways, Bridges & Airports, 
Traffic & Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNSYLVANIA 
Branch Offices 
Philadelphia, Pa. 


Daytona Beach, Fla. 


GIBBS & HILL, INC. 


Consulting Engineers 


Industrial and Municipal Waste Treatment 
Water Supply and Treatment 
Electric Power and Transmission 
Transportation and Communication 
PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 


New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Illinois 


HOWARD R. GREEN CO. 
Consulting Engineers 
Established 1913 
H. R. Green 


C. D. MULLINEX G. R. Hotcukiss 

J. A. Sampson H. A. Miter 

G. C. AHRENS B. W. Grirrita 
Water, Sewerage & Industrial Wastes 
Public Works & Industrial Projects 


Green Engineering Building Cedar Rapids, lowa 


Take advantage of the services of these outstanding firms! 
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Charles W. Greengard 
Associates 
Consulting Engineers 
Sewage Treatment, Sewerage, Drainage, 
Water Supply, Industrial Waste Treat- 


ment, Roads, Subdivisions, Investigations, 
Reports, Designs and Supervision 


Deerfield, Ilinois 


PROFESSIONAL 
SERVICES 


L. B. 


CONSULTING ENGINEER 


GRIFFITH 


Research, Reports and Designs on Sew- 
age and Industrial Waste Treatment. 


450 West Broad St. Falls Church, Va. 


HASKINS, SHARP & ORDELHEIDE 
CONSULTING ENGINEERS 


Water—Sewage & Industrial Wastes—Hydraulics 


Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


HAVENS AND EMERSON 

4. A. Burger A. M. Mock 

J. W. Avery F. S. Palocsay 

E. S. Ordway G. H. Abplanalp 

S. H. Sutton 
Frank C. Tolles, Consultant 
Consulting Engineers 

WATER, SEWERAGE, GARBAGE, INDUSTRIAL 

WASTES, VALUATIONS LABORATORIES 
Leader Bldg. Woolworth Bldg. 
Cleveland 14, Ohio New York 7, N. ¥Y. 


HAZEN AND SAWYER 
ENGINEERS 

Avrnep W. Sawyven 

H. E. Hupson, Jn. 


Ricuanp Hazen 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., 


New York 17, N. ¥. 


ANGUS D. HENDERSON 


Consulting Engineers 


Ancus D. Henpenson Tuomas J. Casry 


Water Supply and Sanitation 


330 Winthrop St., Westbury, New York 
355 Knollwood Ave , Douglaston, L. 1., New York 


HENNINGSON, DURHAM 
& RICHARDSON 


ing Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 


Treatment, Reports, Flood Control 


Appraisals, 


Drainage, Industrial Works 


Omaha « Colorado Springs « Phoenix « Dallas 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Bross V. C. Liscuer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


George E. Hubbell 
Theodore G. Bieh! 


Albert Roth 
George 8. Roth 


Homer W. Clark 
James W. Hubbell 


HUBBELL, ROTH & CLARK, Inc. 


Consulting Engineers 


Sewage and Industrial Waste Treatment 
Sewerage and Drainage Systems 


954 N. Hunter Blvd. 


Birmingham, Michigan 


GRIT AND HEAVY SLUDGE REMOVAL 


CONCRETE RESTORATION 


SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


It pays to secure competent and experienced professional advice! 
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WILLIAM T. INGRAM 


Conaulting Engineer 


PROFESSIONAL y 


Sewage—Refuse—Industrial Wastes 


SERVICES Air Pollution Health 


East Coast West Coast 
20 Point Crescent 90 Panoramic Way 
Whitestone 57, N.Y. Walnut Creek, Calif. 


° JOHNSON & ANDERSON, INC. 
The Jennings-Lawrence Co. Coneulstng Eagincere 
Civil and Municipal Engineers Sewerage—Water Supply & Distribution— Bridges 


Highways Municipal | neering lood Con- 
trol & Drainage 
2300 Dixie Hwy., Pontiac, Mich. 


Consultants 


Water Supply, Treatment & Distribution FE 20181 
Sewers & Sewage Treatment Warren Office Flint Office 
Reports— Design—Construction 24187 Kyan Rd. 604 Metropolitan Bldg. 
Warren, Mich. Flint, Mich. 
1392 King Ave. Columbus 12, Ohio SLocum 7-1167 CEdar 9-4102 


JONES, HENRY & WILLIAMS KAIGHIN AND HUGHES 
Consulting Engineers ENGINEERS 


Water Works INDUSTRIAL WASTES DIVISION 
Sewerage & Treatment E. B. BESSELIEVRE, MGR 
Waste Disposal STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
2000 West Central Ave. Toledo 6, Ohio 1080 Atlantic Ave. Toledo 1, Ohio 


KENNEDY ENGINEERS 


COMPLETE ENGINEERING SERVICE MORRIS KNOWLES Inc. 
Investigations, Reports, Design Engineers 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and Water Supply and Purification, Sewer- 
Industrial Waste Disposal age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 
Chemical and Biological Laboratory 


604 MISSION ST., SAN FRANCISCO 5 1312 Park Bldg. Pittsburgh 22, Pa. 
Los Angeles Salt Lake City Tacoma 


KOEBIG AND KOEBIG LANNING 


Sanitary Engineering Co., Inc. 


Consulting Engineers Since 1910 
Consulting Engineers 


Investigations, Reports, Designs 
Water, Sewage, Drainage, and Industrial Wastes 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 


Municipal Engineering 


Reports, Designs, Supervision 

Of Construction and Operation 
Chemical & Biological Laboratory 
3242 West 8th Street, Los Angeles 5, Calif. 1100 South Broad St. Trenton, N. J. 


LOCKWOOD, KESSLER & BARTLETT, INC. ONLY $75 PER YEAR 
CONSULTING ENGINEERS is the 
Water, Sewage, Industrial Wastes, Incinerators, in this space. A card here will iden- 


Water Pollution Studies, Municipal Engineering, 
Aerial Mapping, Highways, and Bridges 


cost of a professional listing 


tify your firm with the specialized 
sewage and industrial wastes field and 
Syosset, New York - San Juan, Puerto Rico 


Bogota, Colombia will afford maximum prestige! 


Consult these specialists for professional assistance! 
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Lozier Consultants, Inc. 
Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
Rochester 4, N. Y. 


10 Gibbs Street 


PROFESSIONAL 
SERVICES 


CHARLES A. MAGUIRE & ASSOCIATES 
Engineers 
Sewage Collection and Disposal 
Water Supply and Distribution 


Drainage, Refuse and Pipelines 


14 Court Square Boston 8, Mass. 
1100 Turks Head Building Providence 3, R. 1. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & Eppy 
ENGINEERS 


Soils, Foundations, Waterworks, Sewage 
Works, Drainage, Irrigation, Flood Con 
trol, Refuse, Industrial Wastes, Airports, 


Highways, Military Projects, Industrial 
and Commercial Facilities 


Statler Building, Boston 16, Massachusetts 


JAMES M. MONTGOMERY 
Consulting Engineers, Inc. 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 


Pasadena, Calif. 


535 EB. Walnut St. 


Nussbaumer, Clarke & Velzy, Inc. 


Consuiting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 
Consulting Engineers 
Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 


400 East Genesee St. Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE G&G DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural Power — 


165 Broadway 


Transportation 


New York 6, N.Y. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, Ill 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrical Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N.C. 


MALCOLM PIRNIE ENGINEERS 
Malcolm Pirnie Carl A. Arenander 
Ernest W. Whitlock Malcolm Pirnie, Jr. 
Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAL 


Water Supply Water Treatment 


Sewage and Waste Treatment 
Drainage 

25 West 43rd Street 

New York 36, N.Y. 


Rates Refuse Disposal 
3013 Horatio Street 
Tampa 9, Florida 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


RADER AND ASSOCIATES 
Engineers and Architects 
Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations, 
Plans, Specifications and Supervision of 
Construction Work 


The First National Bank Building, 
Miami 32, Florida 


REAVES & GREGORY 
Consulting Engineers 


C. REAvVES 
Pau. D. Grecory 


3332 West Seventh Fort Worth 7, Texas 


REYNOLDS, SMITH AND HILLS 


ENGINEERING DIVISION 


Planning + Reports 
Design + Supervision 


BOX 4817 - JACKSONVILLE 1, FLORIDA 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification 
Sewage Treatment Plant Supervision 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 
369 E. 149th St. New York 55, N.Y. 
MOtt Haven 5-2424 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
V. A. VASEEN 
Appraisals—Reports 
Jesign n 
Water Works Systems i ion and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


2747 Zuni Street Denver 11, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louis 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design . Supervision of 
Construction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning -Urban 
Subdivisions -Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


J. E. SIRRINE COMPANY 
‘Since 1902 
GREENVILLE, SOUTH CAROLINA 


l'reatment 
Surveys 


wteriological Analyses 


SMITH and GILLESPIE 
Consulting Engineers 
All types « 


pes of 
Municipal Public Works & 


tilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


John R. Snell 


Imc. 221 N. Cedar ® Lansing, Mich. ® IVanhoe 4-9493 


Water Purification ® Water Supply ® Sewerage Systems ® 
Sewage Treatment ® Refuse Collection ® Composting ® Incin 
eration ® Urban Planning ® Industrial Waste ® Bridges and 
Streets ® Soils and Foundations ® Research and Development 


It pays to secure competent 


and experienced professional advice! 
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STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Wlinois 


1154 Hanna Building 
Cleveland 15, Ohio 


PROFESSIONAL 
SERVICES 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage—Waste Disposal 


Bridges— Highways —Industrial Buildings 
Studies—Surveys—Reports 
245 N. High St. Columbus 15, Ohio 


TIGHE & BOND 


CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
Tel. JEfferson 3-391 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


WALLACE & HOLLAND 


Consulting Engineers 


Civil — Sanitary — Structural 


401 N. Federal Mason City, lowa 


J. STEPHEN WATKINS 
J. S. G. R. 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures 

446 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. 


Consulting Engineers 


Water, Sewerage and Drainage Works 
[ncinerators 
Sanitary, Industrial Wastes-— Treatment, Recovery 
Erosion, Flood and Waterfront Works 
Reports — Design Supervision 


235 East 45th St. New York 17, N. Y. 


ROY F. WESTON, INC. 
Engi Biologists—Chemists 
Industrial Wastes 


Stream Pollution—Air Pollution 
ater—Sewage 


Surveys—Research— Development— Process 

Engineering — Plans and Specifications — 

Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Jastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


WILSON & COMPANY 
ENGINEERS & ARCHITECTS 
Investigations — Planning — Design 

Water, Sewerage, Streets, Highways, Bridges, 

Electrical, Airfields, Drainage, Dams, 
Treatment Plants, Industrial Installations 


Chemical Testing Lab — Aerial Mapping 
Electronic Computer Services, Reproductions 
631 East Crawford - - Salina, Kansas 


2930 Geo. Washington Ave., Wichita, Kansas 


Consult these specialists for professional assistance! 
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INDEX TO ADVERTISERS 


(See pages 154a, 156a, 158a, and 160a for full listing of products.) 


American Concrete Pressu Associa 
Aurora Pump Division 
Carborundum Compan 

Cast Iron Pipe Resear 

Chain Belt Company 

Chicago Pump Company 

Combustion Engineering 

Daveo Corporation 

Dorr-Oliver Incorporated 

Eimco Corporation 

Fischer and Porter Company 

Flexible Incorporated 

Foxboro Company 

Glenn Chemical Company 

Graver Water Conditioning ‘ 

Gruendler Crusher and Pulveriz 
Hardinge Company, Incor 

Inertol Company, Incor 
Infilco Incorporated 
Johns-Manville Sales Cor 
Lakeside Engineering (¢ 
Link-Belt Company 
Liverpool University Pre 
Lock Joint Pipe Company 
Marlow Pumps ( Divisior 
Nagle Pumps, Incorporated 
National Clay Pipe Manufactur 
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City of Sidney, Ohio gets... 
Smooth Measurement of Sludge Magnetically 


with FOXBORO 


MAGNETIC 
FLOW METER 


No line restrictions -— no pressure 
taps to plug. With the Foxboro 
Magnetic Flow Meter there’s noth- 
ing in the line to cause pile-up of 
solids. And you can forget about 
purging of pressure taps — there 
aren't any. Electric cable carries 
measurement signal to remote 
Dynalog* Electronic Recorder, pro- 
viding a direct magnetic measure- 
ment of fluid velocity. 

Get full details on this unique de- 
velopment in flow meters. Write for 
Bulletin 20-14B. The Foxboro Com- 
pany, 833 Neponset Ave., Fox- 
boro, Mass., U. S. A. 


*Reg. U.S. Pat. Off. 


OXBOR 


Reg. U.S. Pat. Off. 


This compact. trouble-free Foxboro Magnetic 
Flow Meter is installed right in the return acti- 
vated sludge line at Sidney, Ohio's modern new 
sewage plant. There's nothing in the line to 
obstruct flow ...no pressure taps or purges. 


All Flow measurements are recorded by Fox- 
boro Instruments centrally located in director's 
office at Sidney plant. Shown above are: (I. to r.) 
Air Flow Recorder with integrator: Sewage Flow 
Recorder with integrator: Dynalog Recorder for 
return activated sludge. 
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DIFFUSAIR 


Jack-knife Headers 


— for easy inspection 


Self-cleaning 
Metering Orifices 


— for uniform, clog-proof the most efficient oxygenation media available. In developing 
operation 


Diffusair SPARJERS combine controlled air bubble release with 


increased tank turbulence and circulation velocities to provide 


the SPARJER, Walker Process Engineers thoroughly investigated 


all factors involved in the complex process of aeration and oxy- 


Clustered Orifice genation. As a result the thousands of SPARJERS installed in 


hundreds of installations during the past decade feature high O 


— for controlled turbulence and 
intra-floc oxygenation 


absorption, no back pressure build-up to impair blower perform- 


ance and low cost operation 


JACK-KNIFE pivotal headers are of- 


fered by Walker Process to provide a 


convenient and economical method of 


installing SPARJERS without extensive on-the-job pipe work 


Walker Process JACK-KNIFE headers include extra heavy 


swivel joints that will not bind or freeze and an exclusive hy- 


draulic hoisting mechanism. This rugged but simple lifting as- 


sembly is easily handled by one man 


Write factory at P.O. Box 266, Aurora, Ill. for equiqment recom- 
mendations and details for your aeration project. Also, ask for 
bulletin 22-S-96 describing the new PLATETUBE porous diffusers. 


WALKER PROCESS EQUIPMENT INC. 


ILLINOIS 
a leader in equipment for... 
SEWAGE TREATMENT e¢ WATER TREATMENT @ INDUSTRIAL WASTE TREATMENT 
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LOCK JOINT 


RUBBER and CONCRETE JOINT 


RUBBER GASKET CIRCUMFERENTIAL 
REINFORCEMENT 


LONG! TUDINAL 


REINFORCEMENT 


SEWER AND CULVERT 


Kenilworth, N.J 
Hartford, Conn 
New Haven, Conn 
Buffalo, N. Y 
Rochester, N. Y 
Edgewater, Fla 
Miami, Fla 

W. Palm Beach, Fla 


Beloit, Wis 
Chicago, Ill 
Rock Island, II! 
Valley Park, Mc 
N. Kansas City 
Tulsa, Okla 
Oklahoma City 
Wichita, Kans 


t 


\ 


wa 
| THICKNESS 
NOMINAL PIPE 
DIAMETER 


PIPE PLANTS 


Denver, Colo 
Cheyenne, Wyo 
Casper, Wyo 
Tucumcari, N. Mex 
Kans Hato Rey, Puerto Rico 
Carolina, Puerto Rico 
Okla Ponce, Puerta Rico 
Caracas, Venezuela 


LOoCh JOINT 


East Orange, New Jersey 


LOCK JOINT CONCRETE ROLLER SUSPENSION 


Long life is built into every section of Lock Joint Roller 
Suspension Sewer and Culvert Pipe through a manu- 
facturing which 


process 


produces concrete Walls of 


unusual strength and density. 
The inner surface of 
the pipe is remarkably resistant to abrasion and as- 


non-corrosive, non-tuberculant 


sures continued high flow characteristics and trouble- 
free service, 
Lock Joint’s 


this type of pipe and in some designs of conventionally 


tubber and Concrete Joint, available in 


cast pipe, gives maximum protection against infiltra- 
tion while affording ample flexibility to accommodate 
deflections due to ground settlement and expansion of 


contraction due to temperature changes. 


For economy in jointing, Roller Suspension Pipe is 
produced in standard 8’ lengths and is available in 
diameters from 12” to 72’. Lock Joint Pipe Company 
also produces machine made and cast pipe ranging in 
diameter from 6” to 120” or even larger if required. All 
Lock Joint sewer and culvert pipe may be designed to 
comply with A.S.T.M., State Highway or individual 
specifications, 


CO. 


Pressure + Water + Sewer » REINFORCED CONCRETE PIPE = Culvert » Subaqueous 
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COMPOUND-LOOP CONTROL 


With automation by Wallace & Tiernan your chlorination system con- 
trols itself... needs almost no attention. With Compound-loop Control, 
the residual you select is maintained. no matter how much water flow 
or chlorine demand changes. You're always sure of water quality. 
W&T Compound-loop Control means true process control. Because it 
analyzes the end result and feeds back information which monitors your : 
chlorinator, Compound-loop Control successfully achieves a closed-loop : 
system. This means an operating range of greater than 100 to 1, plus 
round-the-clock supervision without extra labor. 
And you can control free or total residual... use electric, pneumatic, 
or variable vacuum signals. W&T Compound-loop Control can be tailored 
to the physical layout of your system. your flow-metering equip- 
ment, your plant hydraulics. You build or convert to automa- 
tion with maximum convenience, minimum expense. 


For more information, write Dept. S-141.84 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
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